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Abstract 
The Surry Power Station discharges cooling water into the 
transition zone of the James River. Phytoplankton, zooplankton, 
benthos, and fouling organism communities were sampled during the 
years 1969 through 1978, which encompassed a preoperational and 
an operational period. Temporal changes in the biotic communities 
followed seasonal patterns of temperature and salinity in the study 
area, and reflected inherent reproductive patterns of the organisms. 
Spatial patterns reflected the transport of organisms from the river 
in the vicinity of the intake to the zone encompassed by the dis-
charge plume, as well as periodic bursts of meroplankton generation 
in the cooling water canals. Selective destruction of entrained 
phytoflagellates was observed when discharge water temperatures 
exceeded 30°C, however these temperatures occurred during periods 
of maximum primary productivity and maximum flagellate population 
densities in the river. Zooplankton entrainmentmortalities of up 
to 12% were observed during a special study in 1975. No impact of 
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Introduction 
The Surry Power Station, operated by the Virginia Electric 
and Power Company, is located on a peninsula that extends into 
the James River on its south shore. The tip of the peninsula 
is known as Hog Pqint, and it is approximately 30 miles (48 km) 
upstream from Chesapeake Bay and 50 miles (80 km) downstream 
from Richmond, Virginia (Fig. 1). The section of the river 
bordering this peninsula is the transition zone between fresh 
water and saline water, where the salinities encountered are 
near the tolerance minima for most estuarine and marine species 
and near the tolerance maxima for freshwater species. Therefore, 
the biological community consists of a few resident species that 
can tolerate the entire range of conditions, and of visitors from 
upstream and downstream that can survive until their tolerance 
limits are exceeded. The region is biologically significant 
mainly as a nursery ground and migration corridor for fish species 
that are harvested elsewhere. The fish populations in the vicinity 
of the power station have been monitored by VEPCO personnel. VIMS 
was engaged by VEPCO to monitor the lower trophic levels, including 
the phytoplankton, zooplankton, benthic macroinvertebrates, and 
fouling organisms. The monitoring study was begun in May 1969, and 
intensified sampling programs for phytoplankton and zooplankton were 
conducted in the years 1975 through 1978. The study was concerned 
exclusively with ecological effects related to the use of river water 
for cooling the plant's condensers during power generation, and did 
not address effects of the radionuclides or sanitary wastes released 










The power plant consists of two nuclear units, each with a 
designed power output of 2441 megawatts thermal, or 822.6 megawatts 
electric. The first unit began commercial operation in December 1972, 
the second in May 1973. Together they require a cooling water flow 
3 -1 
of 106 m .sec , .which is pumped from the river on the downstream 
side of the peninsula into a 2.74 km long elevated intake canal in 
which it flows by gravity for approximately 33 minutes to the power 
plant (Fig. 2). The water then flows by gravity through the con-
densers, where its temperature is raised a maximum of 8.3°C, into 
a 1 km long sea level discharge canal which has a time of passage 
of approximately 28 minutes. The cooling water encounters a con-
striction at the discharge canal mouth, which boosts its velocity 
to 1.8 m.sec-1 , causing turbulent mixing of the cooling water with 
the river water, and a rapid decrease in excess temperature with 
distance from the outfall (Fang and Parker 1976). On ebbing tides 
the plume hugs the shore downstream from the discharge and elongates, 
while on flooding tides it is oriented upstream and remains more 
compact. The water depth in the plume area does not exceed 6 m. No 
biocides are added at the plant to prevent fouling of the condenser 
tubes. 
The data obtained during the study were compiled periodically in 
progress reports submitted to VEPCO (Cain et al. 1972; Bender et al. 
February 1973, July 1973, February 1974, August 1974, and February 
1975; Jordan et al. 1976, 1977, 1978, and 1979). The present report 












Figure 2. Surry Power Station cooling water canal system 
showing in-plant sampling stations. 
Methods 
Hydrographic Data 
Temperature measurements were performed using a Hydrolab 
model RT-125 research thermometer equipped with a model 15 A50 
thermistor probe.· Salinity was measured on a Beckman model RS-7B 
salinometer. Dissolved oxygen concentrations were determined by 
the azide modification of the Winkler technique. Carbon analyses 
were performed on a Beckman model 915 carbon analyzer. Water 
transparency was measured with a Secchi Disk. 
Phytoplankton 
Sampling and Sample Analysis Methods 
Phytoplankton samples were accompanied by samples for 
determinations of salinity and dissolved oxygen concentration. 
Temperature was recorded for each sampling depth, and Secchi Disk 
transparency was measured at each station sampled during daylight. 
Primary productivity samples were supplemented with samples for 
inorganic and organic carbon determinations. 
A non-metallic 2-liter Van Dorn bottle was used for sampling 
of phytoplankton and related parameters. Phytoplankton samples 
were preserved with Lugol's iodine solution, and cell counts and 
identifications were performed using the inverted microscope method 
(Hasle 1978). Chlorophyll a samples were preserved with mercuric 
chloride (40mg/l), and stored in opaque bottles on ice until return 
to the laboratory. They were then filtered through glass fiber 
filters, which were subsequently ground in 90% acetone to extract 
the chlorophyll a. The chlorophyll concentrations in the extracts 
were determined using a Turner Fluorometer, model 111. 
5 
6 
During a primary productivity study conducted in 1975, surface 
water samples of 106.6 ml volume were dispensed into acid clean 
125 ml glass stoppered Pyre~ottles, two light and two dark bottles 
per station. Each sample received 1.0 micro-Curie of carbon-14 in 
a solution of sodium· carbonate, and was incubated in the James River 
at a depth of 6 em for a minimum of two hours. Following incubation 
the samples were filtered through .45 micron pore size membrane 
filters, which were then placed in scintillation vials, dissolved 
in a dioxane scintillation cocktail, and counted on a Beckman LS-150 
liquid scintillation counter. Standardization of the stock carbon-14 
solution and determination of counting efficiency of the samples were 
accomplished by adding an internal standard of known activity and 
recounting the samples. 
Station Locations and Sampling Designs 
Table 1 and Figure 3 show the locations of the plankton stations 
sampled in the period 1971-1974. Between May 1971 and April 1972 
primary productivity determinations were made approximately monthly 
at three stations, CBN, CBS, and Intake (Table 4). Surface water 
sa~ples were spiked with carbon-14 and incubated shipboard for four 
hours. 
From July through December 1972 surface chlorophyll a measurements 
were performed, approximately monthly, at all seven river stations 
shown in Figure 3 (Table 4). In 1973 stations in the intake and 
discharge canals were added, as was sampling to determine cell counts 
and phytoplankton identifications. In 1974 chlorophyll a was omitted. 
Throughout the 1971-74 period, phytoplankton sampling was restricted 
to the surface waters, and in most runs samples were not replicated. 
7 
Table 1 
Plankton Sampling Station Locations, 1971-74 
Station 
·----
Depth (m) Location 
JI 8 Adjacent to tower (QK Filt "G") 
CBC 3 Hidway between discharge and range markers 
near Cobham Hharf 
CBN 2.5 Adjacent to tower (0K Fl Lt "D") 
CBS 4 Adjacent to tower (QK Fl Lt "F") 
HPS 5 Adjacent to tower (QK Fl Lt "C") 
Int. 1-8 Off power plant intake 
DHS 2 Adjacent to tower (QK Fl Lt "A") 
I 00 
CBsQ J 
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Figure 3. Plankton Sampling Stations, 1971-74 
9 
In 1975 the design of the plankton study was enlarged to 
include additonal stations and replicated sampling. Twelve river 
stations (Table 2, Figure 4) were sampled monthly for surface 
primary productivity, chlorophyll ~' and cell counts and identifications 
(Table 4). Six additional stations were sampled in August. Two 
replicate samples were obtained for each parameter. 
A phytoplankton entrainment study was conducted, involving 
monthly sampling runs from April 1975 through March 1976. In each 
run, sampling was performed on four slack tides during a 24 hour 
period. Two phytoplankton and two chlorophyll a samples were taken 
at each of three depths (surface, mid-depth, bottom) at the intake 
and at the discharge canal mouth on each slack tide. Sampling at 
the discharge was scheduled for one hour after sampling at the intake 
so that approximately the same water mass would be encountered at both 
stations. 
In addition to the monthly sampling runs, six intensive studies 
of phytoplankton distribution were performed during the 1975 study 
year. Sampling to determine the vertical distribution of phytoplankton 
at each of the twelve stations was performed on April 17, July 17, and 
November 3. Two phytoplankton and two chlorophyll ~ samples were 
taken at each of 3 depths at each station. Sampling to determine the 
diel distribution of phytoplankton throughout the water column at a 
single river station was performed on May 5-6, July 22-23, and 
October 22-23. Station HPW2 was used in the May run, and station CBC 
was used in the other two runs. Two replicate phytoplankton and 
chlorophyll ~ samples were taken at each of three depths at three 













































Adjacent to tower (QK FI Lt "A") 
·Outside intake forebay- zooplankton sampling 
Within intake forebay - phytoplankton sampling 
Adjacent to black & white buoy "J29" 
Between black & white buoys "J29" and "J35" 
Adjacent to tower (QK FI Lt "C") 
Between tower (QK FI Lt "B") and north bank of river 
Off west shore of Hog Point, midway between HPS and discharge 
Tower (QK FI Lt "E") 
Outside discharge canal mouth - zooplankton sampling 
In discharge canal mouth - phytoplankton sampling 
Off west shore of Gravel Neck, south of discharge 
Midway between discharge and range markers near Cobham ~1arf 
Tower (QK FI Lt "G") 
Midway between tower (QK FI Lt "F") and shore 
Adjacent to tower (QK FI Lt "F") 
Offshore from tower (QK FI Lt "F"), at a distance similar 
to that between CBS 1 and CBS 2 
Midway between HPW 1 and HPW 2 
Midway between HPS and black and white buoy J28 













Figure 4. Plankton Sampling Stations, 1975 
0 Monthly Stations 
• August Only 
HPE 2 
0 1-' 0 1-' 
HPE 1 
12 
In 1976 the number of river stations was reduced to ten, 
while stations in the intake and discharge canals, sampled by 
VEPCO personnel, were added (Table 3, Figure 5). Sampling was 
performed monthly, and incl~ded replicated determinations of 
surface chlorophyll~ and phytoplankton cell densities (Table 4). 
Primary productivity was deleted from the study. In 1977 and 1978 
the sampling design was essentially the same as in 1976, except 
that no samples were taken in January, March, October, and 




Plankton Samplina Station Locations 













Upstream and Downstream 
Discharge Canal 
Location 
Adjacent to tower (QK Fl Lt "A") 
Outside intake forebay - zooplankton sampling 
Inside intake forebay - phytoplankton sampling 
Adjacent to tower (QK Fl Lt "C") 
Adjacent to tower (QK Fl Lt "D") 
Adjacent to tower (QK Fl Lt "E") 
Off west shore of Hog Point, midway between HPS 
and discharge 
Discharge canal mouth 
Off west shore of Gravel Neck, south of discharge 
Midway between discharge and range markers near 
Cobham Wharf 
Adjacent to tower (QK Fl Lt "G") 
Within Surry power plant intake canal (sampled 
by VEPCO personnel) 
Within Surry power plant discharge canal (sampled 




Sampling and Sample Analysis Methods 
Zooplankton samples were taken with a 12.5 em diameter 
Clarke-Bumpus quantitative sampler, equipped with a No. 20 
(76 micron pore size) net. Tow duration ranged from one minute 
to five minutes, depending on the turbidity conditions encountered. 
Samples were preserved with 5% buffered formalin, and counts and 
identifications were made using Olympus SZ-III dissecting micro-
scopes. Measurements of water temperature, salinity, dissolved 
oxygen, Secchi Disk transparency, and water depth accompanied each 
zooplankton tow. 
Station Locations and Sampling Designs 
Monthly zooplankton sampling employing the No. 20 net was 
begun in November 1972 (Table 4). Unreplicated subsurface tows 
were performed at seven river stations (Table 1, Figure 3) during 
each sampling run conducted through 1974. From November 1972 
through May 1973 the results were expressed as numbers of organisms 
per tow, and were therefore qualitative. Beginning in June 1973 
volume corrections were applied, and the results were expressed as 
numbers per liter or per 100 liters. 
In 1975 twelve river stations were sampled monthly (Figure 4, 
Tables 2 and 4), and the tows were replicated. Vertical distribution 
studies were performed on May 15, July 17, and November 3, and diel 
distributions were determined on May 5-6, July 22-23, and October 22-23. 
In the years 1976 through 1978 zooplankton sampling was conducted in 
conjunction with the phytoplankton study (Table 4). 
Table 4 
Summary of Pla_lkton SamplL1g Effort: Sempling Dates, Stations Sampled, and 
Types of Samples Taken (Ph=Phytop1ankton, Pr=Productivity, C=Chlorophy11 ~' 
Z=Zoop1ankton) 
Date (1971) 
Stations 5 - 6 6 - 15 7 - 13 8 - 12 9 - 24 -10 - 15 12 ~ 12 
CBN Pr Pr Pr Pr Pr Pr Pr 
DWS 
Intake Pr Pr Pr Pr Pr Pr Pr 
HPS 







(1972) 0'\ Date 
Stations 1 - 27 3 - 1 4 - 21 7 - 9 - 10 - 11 - 12 -
CBN Pr Pr Pr 
DWS c c c c,z c,z 
Intake Pr Pr Pr c c c c,z c,z 
HPS c c c c,z c,z 
CBS Pr Pr Pr c c c c,z c,z 
CBC c c c c,z c,z 
JI c c c c,z c,z 
CBN c c c C,Z c,z 
Intake Canal 
Discharge Canal 
Table 4 (Cont.) 
Date (l97'-3) 
Stations l - 2 - 3 - 4 - 5 - 6 - -T - 8 - 9 10 - ll - 12 -
CBN 
D111S Ph,C,Z Ph,C,Z Ph,C, Z Fh,-C, Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C, Z Ph,C,Z Ph,C Ph,C,Z Ph,C, Z 
Intake Ph,C,Z Ph,C,Z Ph,C ,z Ph,C,Z Ph,C ,z Ph,C, Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C ,z Ph,C,Z Ph,C, Z 
HPS Ph,C,Z Ph,C,Z Ph,C ,z Ph,C,Z Ph,C ,z Ph,C, Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,c,z 
CBS Ph,C ,z Ph,C,Z Ph,C, Z Ph,C, Z Ph,C, Z Ph,C, Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z 
CBC Ph,C,Z Ph,C,Z Ph,C ,z Ph,C,Z Ph,C, Z Ph,C ,z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C, Z 
JI Ph,C,Z Ph,C,Z Ph,C, Z Ph,C, Z Ph,C, Z Ph,C,Z Ph,C,Z Ph,C Ph,C,Z Ph,C,Z Ph,C,Z Ph,C, Z 
CBN Ph,C,Z Ph,C ,z Ph,C ,z Ph,C,Z Ph,C, Z Ph ,C, Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C, Z Ph,C, Z 
Intake Canal Ph,C Ph,C Ph,C Ph,C Ph,C Ph,C Ph,C Ph,C Ph,C Ph,C Ph,C Ph,C 
Discharge Canal Ph,C Ph,C Ph,C Ph,C Ph,C Ph,C Ph,C Ph,C Ph,C Ph,C Ph,C Ph,C 
1--' 
""-J 
Date ( 1974) 
Stations l - 2 - 3 - 4 - 5 - 6 - T - 8 - 9 - 10 - ll 12 
DWS Ph,Z Ph,Z Ph,Z Ph,Z Ph_,z Pb,Z Ph Ph,Z Ph,Z Ph,Z z Ph,Z 
Int Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph Ph,Z Ph,Z Ph,Z z Ph,Z 
HPS Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph Ph,Z Ph,Z Ph,Z z Ph,Z 
CBS Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph Ph,Z Ph,Z Ph,Z z Ph,Z 
CBC Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph Ph,Z Ph,Z Ph,Z z Ph,Z 
JI Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph Ph,Z Ph,Z Ph,Z z Ph,Z 
CBN Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph Ph,Z Ph,Z Ph,Z z Ph,Z 
Intake Canal Ph Ph Ph Ph Ph Ph Ph Ph Ph Ph Ph 
Discharge Canal Ph Ph Ph Ph Ph Ph Ph Ph Ph Ph Ph 
Table 4 (Cont.) 
Date (1975) 
Stations 1-23 1-30 2-14 2-27 3-21 3-2'7 4-17 4-22 5-5,5-6 5-15 5-20 6-16 6 18 
DWS z Ph,Pr,C z Ph,Pr,C Z,Ph,C Ph,Pr,C z Ph,Pr,C Ph.Pr.C z 
Intake Ph,Pr z z Ph,Pr,C z Ph,Pr,C Z,Ph,C Ph,Pr,C z Ph,Pr,C Ph,Pr,C z 
HPE 1 Ph,Pr z z Ph,Pr,C z Ph,Pr,C Z,Ph,C Ph,Pr,C z Ph,Pr,C Ph,Pr,C z 
HPE 2 Ph,Pr z z Ph,Pr,C z Ph,Pr,C Z,Ph,C Ph, P1· ,C z Ph,Pr,C Ph,P,·.C z 
HPS Ph,Pr z z Ph,Pr,C z Ph,Pr,C Z,Ph,C Ph,Pr,C z Ph,Pr,C Ph,Pr.C z 
HPN Ph,Pr z z Ph,Pr,C z Ph,Pr,C Z, Ph,C Ph,Pr,C z Ph,Pr,C Ph,Pr,C z 
IIPW 2 Ph,Pr z z Ph,Pr,C z Ph,Pr,C Z,Ph,C Ph,Pr,C Z,Ph,C z Pl},Pr,C Ph,Pr,C z 
HPW 1 Ph,Pr z z Ph,Pr,C z Ph,Pr,C Z, Ph,C Ph,Pr,C z Ph,Pr,C Ph,Pr,C z 
Discharge Ph,Pr z z Ph,Pr,C z Ph,Pr,C Z,Ph,C Ph,Pr,C z Ph,Pr,C Ph,Pr,C z 
CBE Ph,Pr z z Ph,P:r,,C z Ph,Pr,C Z, Ph,C Ph,Pr,C z Ph,Pr,C Ph,Pr,C z 
CBC Ph,Pr z z Ph,Pr,C z Ph,Pr,C Z,Ph,C Ph,Pr,C z Ph,Pr,C Ph,Pr,C z 




Stations 7-10 7-17 7-22-23 8-12 8-21 9-8 9-26 
DWS Ph,Pr,C Z,Ph,C Ph,Pr,C z Ph,Pr,C z 
Intake Ph,Pr,C Z,Ph,C Ph,Pr,C z Ph,Pr,C z 
HPE 1 Ph,Pr,C Z,Ph,C Ph,Pr,C z Ph,Pr,C z 
HPE 2 Ph,Pr,C Z,Ph,C Ph,Pr,C z Ph,Pr,C z 
HPS Ph,Pr,C Z,Ph,C Ph,Pr,C z Ph,Pr,C z 
HPN Ph,Pr,C z, Ph,C Ph,Pr,C z Ph,Pr,C z 
HPW 2 Ph,Pr,C Z,Ph,C Ph,Pr,C z Ph,Pr,C z 
HPW 1 Ph,Pr,C Z,Ph,C Ph,Pr,C z Ph,Pr,C z 
Discharge Ph,Pr,C Z,Ph,C Ph,Pr,C z Ph,Pr,C z 
CBE Ph,Pr,C Z,Ph,C Ph,Pr,C z Ph,Pr,C z 
CBC Ph,Pr,C Z,Ph,C Z,Ph,C Ph,Pr ,C z Ph,Pr,C z 
JI Ph,Pr,C Z,Ph,C Ph,Pr ,C z Ph,Pr,C z 
Table 4 (Cont.) 
Date (1975) 
Stations 10-7 10-22,10-23 11-3 11-5 11-18 12-2 12-29 
DWS Ph,Pr,C Z,Ph,C Ph,Pr,C z Ph,Pr,C z 
Intake Ph,Pr ,C Z,Ph,C Ph,Pr,C z Ph,Pr,C z 
HPE 1 Ph,Pr,C Z,Ph,C Ph,Pr,C z Ph,Pr,C z 
HPE 2 Ph,Pr,C Z,Ph,C Ph,Pr,C z Ph,Pr,C z 
HPS Ph,Pr,C Z,Ph,C Ph,Pr,C z Ph,Pr,C z 
HPN Pb.,Pr,C Z,Ph,C Ph,Pr,C z Ph,Pr,C z 
HPvJ 2 Ph,Pr,C Z,Ph,C Ph,Pr,C z Ph,Pr,C z 
HPvJ 1 Ph,Pr,C Z,Ph,C Ph,Pr,C z Ph,Pr,C z 
Discharge Ph,Pr ,C Z,Ph,C Ph,Pr,C z Ph,Pr,C z 
CBE Ph,Pr~C Z,Ph,C Ph,Pr,C z Ph,Pr,C z 
CBC Ph,Pr,C Z,Ph,C Z,Ph,C Ph,Pr,C z Ph,Pr,C z 
JI P.h,Pr,C Z,Ph,C Ph,Pr,C z Ph,Pr,C z 
1-' 
Date (1976) 1.0 
Stations 1-21 2-20 3-24 4-21 4-23 5-25 5-26 6-23 7-15 
DWS Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C ,z Ph,C,~ 
Intake Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C ,z Ph,C,Z 
HPS Ph,C,Z Ph,C ,z Ph,C, Z Ph,C, Z Ph,C ,z Ph,C,Z Ph,C ,z 
HPW 3 Ph,C,Z Ph,C ,z Ph,C ,z Ph,C, Z Ph,C,Z Ph,C ,z Ph,C,Z 
HPW 2 Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C, Z 
HPW 1 Ph,C,Z Ph,C ,z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C ,z 
Discharge Ph,C,Z Ph,C, Z Ph,C,Z Ph,C, Z Ph,C,Z Ph,C ,z Ph,C,Z 
CBE Ph,C,Z Ph,C ,z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z 
CBC Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C ,z Ph,C,Z 
JI Ph,C ,z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C ,z Ph,C,Z Ph,C ,z 
Intake canal Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z 
Discharge canal Ph,Z Ph Z 
·' 
Ph,Z Ph,Z Ph,Z Ph,Z 
Table 4 (Cont.) 
Date ( 1976) 
Stations 8-ll 9-14 10-14 ll-17 ll-18 12-10 
DWS Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C ,z 
Intake Ph,C,Z Ph,C,Z Ph,C ,z Ph,C,Z Ph,C ,z 
HPS Ph,C ,z Ph,C, Z Ph,C,Z Ph,C ,z Ph,C ,z 
HPW 3 Ph,C,Z Ph,C ,z Ph,C ,z Ph,C ,z Ph,C ,z 
HPW 2 Ph,C ,z Ph,C,Z Ph,C, Z Ph,C,Z Ph,C,Z 
HPW l Ph,C ,z Ph,C ,z Ph,C ,z Ph,C,Z Ph,C ,z 
Discharge Ph,C,Z Ph,C ,z Ph,C,Z Ph,C,Z Ph,C, Z 
CBE Ph,C,Z Ph,C ,z Ph,C,Z Ph,C,Z Ph,C ,z 
CBC Ph,C ,z Ph,C,Z Ph,C ,z Ph,C,Z Ph,C ,z 
JI Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z 
Intake Canal Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z 
Discharge canal Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z 
........ 
c 
Date ( 1977) 
Stations 2-23 4-13 5-12 6-13 7-12 7-21 8-16 9-6 11-9 
DWS Ph,C ,z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C ,z Ph,C,Z Ph,C,Z Ph,C, Z 
Intake Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,Z Ph,C, Z Ph,C, Z Ph,C ,z 
HPS Ph,C ,z Ph,C ,z Ph,C ,z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C ,z 
HPW 3 Ph,C ,z Ph,C ,z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C ,z 
HPW 2 Ph,C ,z Ph,C,Z Ph,C ,z Ph,C ,z Ph,C, Z Ph,C,Z Ph,C,Z Ph,C, Z 
HPW l Ph,C,Z Ph,C,Z Ph,C ,z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C, Z 
Discharge Ph,C,Z Ph,C ,z Ph,C, Z Ph,C,Z Ph,C ,z Ph,Z Ph,C,Z Ph,C,Z Ph,C,Z 
CBE Ph,C ,z Ph,C,Z Ph,C ,z Ph,C ,z Ph,C ,z Ph,C,Z Ph,C,Z Ph,C,Z 
CBC Ph,C ,z Ph,C,Z Ph,C, Z Ph,C,Z Ph,C ,z Ph,C, Z Ph,C,Z Ph,C,Z 
JI Ph,C,Z Ph,C,Z Ph,C, Z Ph,C, Z Ph,C ,z Ph,C,Z Ph,C ,z Ph,C, Z 
Intake Canal Upstrm. Ph Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z 
Intake Canal Dnstrm. Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z 
Discharge Canal Ph,Z Ph Z 
·' 
Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z 
Table 4 (Cont.) 
Date ( 19'78) 
Plankton Stations 2 - 28 4 - 18 5 - 23 6 - 20 7 - 11 8 - 23 9 - 19 11 - 14 
oos Ph,C,Z Ph, C,Z Ph,C,Z Ph,C,Z Ph ,C,Z Ph,C,Z Ph,C,Z Ph,C,Z 
Intake Ph, C,Z Ph, C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z 
HPS Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z 
HPW3 Ph ,C,Z Ph ,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z 
HPW 2 Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z 
HPW l Ph,C,Z Ph, C,Z Ph,C,Z Ph,C,Z Ph, C, Z Ph,C,Z Ph,C,Z Ph,C,Z 
Discharge Ph,C,Z Ph, C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z 
CBE Ph,C,Z Ph ,C,Z Ph,C,Z Ph, C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph, C,Z 
CBC Ph,C,Z Ph ,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z 
JI Ph,C,Z Ph ,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z Ph,C,Z 
Intake Canal Ups trm. Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z ~'.) .-
Intake Canal Dns trm. Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z 
Dis charge canal Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z Ph,Z 
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Benthos 
Sampling and Sample Analysis Methods 
During the period 1969 through 1971 benthos samples were taken 
with a .07 m2 modified.Van Veen grab, two samples per station. From 
1972 through 1978 a .OS m~ Ponar grab was used, and the sampling 
intensity of two grabs per station was continued. The grab samples 
were washed through a 1.0 mm mesh screen to recover the invertebrates, 
which were then fixed in a 10% formalin solution containing the stain 
Phloxine B. Sorting and identification of the fixed material was 
performed under a dissecting microscope, and the organisms were placed 
into 70% ethanol for storage. Samples obtained in the period April 1977 
through October 1978 were sieved through a 0.5 mm screen in addition to 
the 1.0 mm screen, and the composition of the 0.5 mm size fractions 
was determined. Throughout the study the numbers of individuals obtained 
in the two grab samples at a given station were combined for each species, 
and the results were expressed as population densities per unit area 
of river bottom. 
In the spring of 1969 and in June 1978 samples for the character-
ization of sediment types were taken at all of the benthos stations. 
In 1969 a l-inch diameter hand corer was used, and samples were taken 
to a depth of 5 em. The sand fractions (greater than 63 micron particle 
diameter) were separated out by dry sieving through U. S. standard 
mesh sieves. The mud fraction was analyzed by the pipette method to 
estimate the relative amounts of clay (less than 3.9 micron~ and silt 
(3.9 microns to 63 microns). 
In 1978 the samples were taken with a K.B~type heavy duty corer 
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with a 20 inch (50.8 em) long, 2 inch (5.08 em) inside diameter 
core tube (Wildco Model 2400). The top 15 em segment of each 
core was extruded in the field into a plastic bag and stored on 
ice. In the laboratory the contents of each bag were homogenized 
and approximately_lO g of the wet homogenate were weighed into a 
tared crucible for determination of organic content by loss on 
ignition. Ingition was performed for one hour at 500°C. A second 
aliquot of each wet homogenate was screened through a 63 micron pore 
size sieve for separation into a sand fraction ()63 microns) .and a 
silt-clay fraction ((63 microns). The relative dry weights (105°C) 
of these fractions were obtained. A third aliquot was wet sieved 
in the same manner. The sand fraction of this aliquot was dried 
(125°C) and its particle size distribution was obtained using the 
VIMS Rapid Sand Analyzer (Zeigler et al. 1960). The particle size 
distribution of the fine particle fraction was obtained using a 
Coulter Counter model TAQP (Coulter Electronics, Inc.). The fine and 
coarse size distributions were combined graphically, and from the 
graphs the sand, silt, and clay percentages for each benthos station 
were obtained. 
Station Locations and Sampling Designs 
A set of sixteen fixed stations (Table 5, Figure 6) was sampled 
periodically during the ten year period extending from the spring of 
1969 through the fall of 1978 (Table 6). The locations were selected 
to include a range of sediment types and to encompass areas likely 
to be influenced by the power plant discharge plume (stations 4, 7, 
8, 9, 11, and 13) as well as reference areas that would not be 














































Off tower (QK Fl 38 ft.) near Cobham Wharf 
Cobham Bay, off Chestnut Bluffs 
Cobham Bay, between mouths of College Run and Lower 
Chippokes Creek 
Center of Cobham Bay 
Tower (QK Fl Lt "E") 
In Thorofare, off marker tower R "4" 
Cobham Bay, off Gravel Neck 
Tower (QK Fl Lt "F") 
West of Hog Point 
Between station 9 and black buoy "45" 
Tower (QK Fl Lt "C") 
Off mouth of College Creek 
East of Hog Point, on line with black and white buoy "J29" 
Black and white buoy "J35" 
Off power plant intake 
Tower (QK Fl Lt "A") 
Tower (QK Fl Lt "A") 
Tower (QK Fl Lt "D") 
Tower (QK Fl Lt "F") 
DWS 016 
Figure6. Banthos and fouling plate stations. 
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the first three years of the study. Beginning in 1972 three monthly 
sampling runs were included in the summer quarter, and in total at 
least six runs were performed each year from 1973 through 1978 
(Table 6). 
Fouling Organisms 
Sampling and Sample Analysis Methods 
Fouling organisms were collected on 125 x 75 mm asbestos panels 
suspended approximately 1 m above the river bottom. The panels were 
replaced periodically, and those recovered were placed in a freezer 
for short term storage. For processing the plates were thawed and 
the organisms were picked from one side and three edges, under a dissecting 
microscope. Individuals were identified and tabulated, and were placed 
in 70% ethanol for preservation. The results were expressed as numbers 
of organisms per square decimeter. 
Station Locations and Sampling Designs 
Three stations, one near the power plant discharge (CBS), and one 
upstream (CBN) and one downstream (DWS) reference station were. employed 
throughout the study (Table 5, Figure 6). Two pairs of horizontal and 
vertical plates were incubated at each station, one pair to be replaced 
bimonthly, the other pair yearly. This schedule was followed approxi-
mately from January 1971 through December 1978 (Table 7). A few gaps 
were introduced (April and December 1971, February and August 1977) when 
plates were lost due to separation of the suspending lines by river ice 
or other causes. 
Data Presentation and Analysis 
Hydrographic Data 
Tabulated summaries of the hydrographic data obtained in 1975 
Table 6 
Summary of Benthos Sampling Effort: Sampling Dates and Stations Sampled 
(B = Benthos) 
Date (1969) Date (1970) 
Stations SEring Summer Fall Winter SEring Summer Fall Winter 
1 B B B B B B 
2 B B B B B 
3 B B B B B B 
4 B B B B B 
5 B B B B B B B 
6 B B B B B B B B 
7 B B B B B 
8 B B B B B B 
9 B B B B B B B 
10 B B B B B N 
....... 11 B B B B B 
12 B B B B B 
13 B B B B B 
14 B B B B B B B 
15 B B B B B 
16 B B B B B 
Table 6 (Cont.) 
Date (1971) Date (1972) 
Stations SEring Sunnner Fall Winter 6- 7- 8· Fall 
1 B B B B B B B B 
2 B B B B B B B B 
3 B B B B B B B B 
4 B B B B B B B B 
5 B B B B B B B B 
6 B B B B B B B B 
7 B B B B B B B B 
8 B B B B B B B B 
9 B B B B B B B B 
10 B B B B B B B B 
11. B B B B B B B B 
12 B B B B B B B B 
13 B B B B B B B B 
14 B B B B B B B B 
15 B B B B B B B B 
16 B B B B B B B B N 
00 
Date (1973) 
Stations 2- 5- 6- 7-23 8-27 9-29 12-19 
1 B B B B B B B 
2 B B B B B B B 
3 B B B B B B B 
4 B B B B B B B 
5 B B B B B B B 
() B B B B B B B 
7 B B B B B B B 
8 B B B B B B B 
9 B B B B B B B 
10 B B B B B B B 
11 B B B B B B B 
12 B B B B B B B 
13 B B B B B B B 
14 B B B B B B B 
15 B B B B B B B 
16 B B B B B B B 
Table 6 (Cont.) 
Date (1974) 
Stations 2- 5- 6- 7- 8- 11-
1 B B B B B B 
2 B B B B B B 
3 B B B B B B 
4 B B B B B B 
5 B B B B B B 
6 B B B B B B 
7 B B B B B B 
8 B B B B B B 
9 B B B B B B 
10 B B B B B B 
11 B B B B B B 
12 B B B B B B 
13 B B B B B B 
14 B B B B B B 
15 B B B B B B 




Stations 2-20 4-25 6-13 7-9 8-7 9-30 
1 B B B B B B 
2 B B B B B B 
3 B B B B B B 
4 B B B B B :8 
5 B B B B B :8 
6 B B B B B ~ 
7 B B B B B B 
8 B B B B B B 
9 B B B B B B 
10 B B B B B B 
11 B B B B B B 
12 B B B B B B 
13 B B B B B B 
14 B B B B B B 
15 B B B B B B 
16 B B B B B B 
Table 6 (Cont.) 
Date (1976) 
Stations 1-12 4-7 6-9 7-20 8-17 10-29 
1 B B B B B B 
2 B B B B B B 
3 B B B B B B 
4 B B B B B B 
5 B B B B B B 
6 B B B B B B 
7 B B B B B B 
8 B B B B B B 
9 B B B B B B 
10 B B B B B B 
11 B B B B B B 
12 B B B B B B 
13 B B B B B B 
14 B B B B B B 
15 B B B B B B 
16 B B B B B B 
Date (1977) 
Stations 3-8 4-25 6-20 7-14 8-18 10-20 w 0 
1 B B B B B B 
2 B B B B B B 
3 B B B B B B 
4 B B B B B B 
5 B B B B B B 
6 B B B B B B 
7 B B B B B B 
8 B B B B B B 
9 B B B B B B 
10 B B B B B B 
11 B B B B B B 
12 B B B B B B 
13 B B B B B B 
14 B B B B B B 
15 B B B B B B 
16 B B B B B B 
Table 6 (Cont.) 
Date (1978) 
Stations 1-18 4-10 6-13 7-12 8-7 10-18 
1 B B B B B B 
2 B B B B B B 
3 B B B B B B 
4 B B B B B B 
5 B B B B B B 
6 B B B B B B 
7 B B B B B B 
8 B B B B B B 
9 B B B B B B 
10 B B B B B B 
11 B B B B B B 
12 B B B B B B 
13 B B B B B B 
14 B B B B B B 
15 B B B B B B VJ 16 B B B B B B t-' 
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Table 7 
Summary of Fouling Organism Sampling Effort: Sampling Perio~s 
and Stations Sampled (F=Fouling Organisms) 
Year Station Samplin~ Period 
J-F M-A. M-J J-A S-0 N -D 
1971 CBS F F F F 
CBN F F F F F 
DWS F F F F 
1972 CBS F F F F F F 
CBN F F F F F 
DWS F F F F F F 
1973 CBS F F F F F F 
CBN F F F F F F 
DWS F F F F F F 
1974 CBS F F F F F F 
CBN F F F F F F 
DWS F F F F F F 
1975 CBS F F F F F F 
CBN F F F F F F 
DWS F F F F F F 
1,976 CBS F F F F F F 
CBN F F F F F F 
DWS F F F F F F 
1977 CBS F F F F 
CBN F F F F F 
DWS F F F F 
1978 CBS F F F F F F 
CBN F F F F F F 
DWS F F F F F F 
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through 1978 appear in Appendix A. Temporal summaries of temperature 
and salinity, derived from these data and from other VIMS studies, are 
presented in the text. 
Plankton 
The plankton data collected prior to 1975 were not replicated, and 
were consequently not suited to standard statistical analyses. The data 
collected from 1975 through 1978, which were replicated, were subjected 
to analyses of variance, followed by Student-Newman-Keuls' test (Steel 
and Terrie 1960) to identify significant differences among sampling 
stations (monthly and entrainment studies), sampling depths (vertical 
and diel studies), and sampling times (diel studies). Log transfor-
mations were performed when necessary to normalize the data prior to 
analysis. Data summaries, which include parameter means and which 
depict differences that are significant at least the .05 level, are 
presented in Appendix B (phytoplankton) and Appendix C (zooplankton). 
Within the body of the report, temporal and spatial distributions 
derived from these data analyses are presented in tables and figures. 
Benthos 
Population density estimates obtained from the 1.0 mm sample 
fractions taken in 1974 through 1978, and from the combined 1.0 and 
0.5 mm fractions from 1977 and 1978 are compiled in tables in Appendix 
D. Spatial distributions for selected species were examined using 
analysis of variance, followed by Student-Newman-Keuls' test. 
Spatial and temporal variations in benthos community structure 
were investigated by means of cluster analyses, employing the Bray-
Curtis quantitative similarity coefficient: 
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where i = a given species. 
j, k,= two samples being compared. 
The data analyzed were log (x+l) transformed numbers of individuals 
per 0.1 m2 of sediment surface for each station. The clustering 
method was combinatorial, agglomerative, hierarchical, polythetic, 
and flexible, with B set at -0.25 (Boesch 1977). The results are 
presented in the text in the form of dendrograms in which stations 
are grouped on the basis of similarity values .. 
Fouling Organisms 
The fouling organism data for the years 1975-1978, expressed 
as numbers of individuals per square decimeter, appear in the tables 
in Appendix E. Statistical analyses were precluded by lack of sample 
replication, and data presentations in the. text are limited to 
graphical representations of temporal distributions and to observations 
of obvious spatial patterns. 
Results-Hydrographic Data 
The tables in Appendix A present the hydrographic data 
obtained during the field sampling for phytoplankton, zooplankton, 
and benthos during the study years 1975 through 1978. 
Results-Phytoplankton Studies 
Community Composition 
Resident diatoms - During the phytoplankton study nine diatom 
species were encountered consistently, and may be regarded as 
resident phytoplankters in the study area. 
Skeletonema costatum (Greville) Cleve. This species is 
one of the dominant diatoms in the Chesapeake Bay and its tributaries, 
where it has been reported to tolerate a salinity range of 0-26 ppt 
(Wass et al., 1972). 
Melosira subsalsa Cleve. A synonym for this species name 
is Skeletonema subsalsum (Cleve) Bethge. The Melosira designation 
was chosen in the present study because the characteristics observed 
corresponded to the "Melosira - like" form described by Cleve (Cleve-
Euler, 1951), i.e. the cells were elongated, with the valves of 
adjacent cells attached directly, rather than by the thread-like proj-
ections characteristic of Skeletonema. Also, it is probable that the 
Melosira subsalsa found in this study, in brackish to essentially 
fresh water (the same environmental conditions described for ~ 
subsalsa in Cleve-Euler, 1951), is different from the Skeletonema 
subsalsum listed in Wass et al. (1972), which is described as a meso-
polyhaline (7-22 ppt) species. 
Cyclotella meneghiniana KUtzing. This brackish water centric 
is listed in Wass et al. (1972) with a salinity range of 0-13 ppt. 
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Cyclotella striata (Kutz.) Grunow. This is another typical 
brackish water centric, with a salinity range in the Chesapeake 
Bay region of 4-30 ppt according to Wass et al. (1972) 
Coscinodiscus lacustris Grunow. This centric inhabits 
brackish to essentially fresh water, according to Cleve-Euler (1951). 
It is not listed in Wass et al. (1972). 
Rhizosolenia minima Levander. This species is also absent 
from the Chesapeake Bay checklist (Wass et al., 1972). It is 
described in Cleve-Euler (1951) as an inhabitant of slightly brackish 
water, with its greatest abundance in the summer plankton. 
Nitzschia kutzingiana Hilse. This pennate is described in 
Cleve-Euler (1952) as a widespread brackish to freshwater from. 
According to Huber-Pestalozzi (1942) it is most often encountered 
during warm summer weather. It is not listed in Wass et al. (1972). 
Nk~ia vermicularis (Klitzing) Grunow. This species is 
listed as a mesohaline form in Wass et al. (1972), but according 
to Huber-Pestalozzi (1942) it is widely distributed in fresh water, 
as well. 
Pleurosigma delicatulum W. Smith. According to Patrick and 
Reimer (1966) this species is widely distributed in the United States 
in fresh and relatively hard waters, and it has also been reported 
from some brackish water areas also. It is not listed in Wass et al. 
(1972). 
Cryptophytes - According to Butcher (1967) the taxonomy of 
the Cryptophyta is at best unsatisfactory. Cell color and shape are 
too variable to constitute reliable characteristics for classification, 
as are flagella lengths. The only reliable characteristic, apparently, 
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is the furrow-gullet system, the structure of which is used for 
classification on the genus level. Since this characteristic is 
obscured in specimens preserved with Lugol's iodine, live organisms 
were observed in attempting to identify the cryptophytes found in 
this study. The smaller specimens (below 20 microns maximum 
dimensions) appeared to possess a furrow-gullet system lined with 
two rows of trichocysts, which would place them in the genus 
Chroomonas. Within this genus "the line of demarcation between 
species is very tenuous, and to any one character there may be 
found several exceptions," (Butcher, 1967, p. 21). It was decided 
on this basis, and confirmed by the high variability among indi-
viduals observed in this study, that the assignment of species 
names was unjustified. Within the Chroomonas organisms observed, 
however, there appeared to be two size groups, one centering at 
8 microns maximum dimension, the other at 16 microns. Therefore 
two Chroomonas species were designated, distinguished by size. 
A third, larger cryptophyte that appeared to have more than 
two rows of trichocysts was tabulated as Cryptomonas sp., while a 
fourth organism that was so filled with storage granules that no 
interior structure was visible, was designated as 15 micron crypto-
phyte. 
Dinoflagellates The only dinoflagellate species counted in this 
study was Katodinium rotundatum (Lohman) Fott. This species is wide-
spread along the Atlantic Coast, inhabiting waters with salinities 
ranging from 0-36 ppt (Campbell, 1973). This species is listed in 
Wass et al. (1972) under Katodinium rotundatum and also under the 
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synonym Massartia rotundata. 
Chlorophytes - Species of the genus Pyrawimonas were encountered 
frequently in the study. Due to their small size and to the 
obscuring of internal structure by the preservative, the structural 
details necessary for species identification were not visible. 
Microflagellates - These organisms possessed phytopigments and 
flagella, but internal structures were not visible with the light 
microscope. They were divided into size classes for counting. 
Special Studies - 1975 
Diel distributions - The results of the diel sampling runs 
performed in May, July, and October 1975 were subjected to analyses 
of variance which compared population densities among the three 
sampling depths, and among the eight sampling times included in 
each run. 
The results of the comparisons among depths are summarized in 
Table 8 in terms of F ratios and their appropriate significance 
levels. The differences to which the significant F values apply 
are indicated, e.g. S)M=B indicates that the surface mean population 
density was significantly greater than the mid-depth and bottom 
means, while the mid-depth and bottom means did not differ signifi-
cantly from each other. Most of the differences that appeared could 
be attributed to the accumulation of flagellates (8 micron Chroomonas 
sp., 15 micron cryptophyte) near the surface during daylight hours. 
This pattern appeared in five of the twenty-four sets of samples. 
Diatoms (Nitzschia klitzingiana, Melosira subsalsa) exhibited 
Table 8 
1975 Diel Phytoplankton &~OVA Summary-Comparing Depths 
Date Station Parameters Times and F ratios 
5-5,6 HPW2 1249 1549 1830 2145 0032 0353 0635 0933 
Chl a . 245 2.89 9.56* 1. 79 .577 .562 • 207 .578 
(~) 
Total cells 16.5* 1.56 .201 .153 0 2.82 .612 .435 
(S>H=B) 
8p Chroomonas 1.44 .502 6.18 .034 6.31 2.70 1.33 1.06 
sp. 
Nitzschia 2. 89 1.62 6.85 1.89 .276 .094 .233 3.00 
ktitzingiana 
w 
Melosira 106** 1.11 . 051 1.58 • 805 .320 • 859 .590 \0 
subsalsa (S=H>B) 
7-22,23 CBC 1245 1545 1849 2150 0047 0345 0645 0943 
Chl a 5.74 6.95 216** 2.94 .890 .708 2.57 .148 
(S>M=B) 
Total cells 6.00 15.3* 6.92 1.05 12.4* .220 2.37 112** 
(S>M=B) (S=M>B) (S>M=B) 
8p Chroomonas 12.3* 3.30 6.69 25.1* 1.00 .060 .431 577** 
sp. (S>M=B) (H>S=B) (S>M>B) 
15}1 10. 2* 16.9* .502 1.00 .500 2.36 10. 4* 
c'ryptophyte (S>M=B) (S>M=B) (S>M=B) 
Melosira .314 1.11 .172 57.5* 1.06 1.00 .696 1.80 
subsalsa (S'>M=B) 
* Significant at a~.05 
** Significant at as-01 
Table 8 (cont'd) 
Date Station Parameters Times and F ratios 
10-22, CBC 1220 1519 1818 2135 0029 0314 0616 0920 
23 Chl a 4.81 24.0* 1.74 1.32 13.4* 4.19 6.85 1.20 
(S>M=B) (M>S=B) 
Total cells .524 31.8** 2.48 .147 .112 14.6* .973 1.37 
(S>M=B) (M>S=B) 
8p Chroomonas • 364 49.5** 5.26 4.77 .500 .480 1.01 1.96 
sp. (S>M=B) 
Nitzschia 
kutzingiana . 236 .645 9.50 2.16 2.66 1.00 .846 5.18 
Melosira • 691 .242 .761 3.90 1. 91 .180 1.21 1.10 
sub salsa 
+"" 
* Significant at a$.05 0 
** Significant at a::;.Ol 
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nonuniform vertical distributions at only two sampling times. 
The ANOVA summary for comparisons among the sampling times 
(Table 9) includes population densities, averaged over the water 
column, for each of the major species for each sampling time. 
Means not united by a common underline are significantlydifferent 
at the .OS level. The eight sampling times included in each run 
were numbered 1 through 8, in chronological order. 
The diel ranges of population means for individual species 
were in most cases several multiples of the lowest means - e.g. 
86 to 433 for Nitzschia kutzingiana in May, 17 to 629 for Melosira 
~ubsalsa in July. The ranges of the gross parameters, chlorophyll a 
and total cell counts, were narrower, in most cases approximately 
equal to the lowest means - e.g. 2.3 - 4.4 for chlorophyll in May, 
349 to 832 for total cells in October. The population maxima 
tended to occur during the daylight hours, near the beginning or 
end of a sampling sequence, while the minima appeared at night, 
most often during or near a slack tide. This pattern is illustrated 
in Figure 7 for total cells and for Chroomonas sp., the dominant 
flagellate. Assuming that the phytoplankton distributions observed 
during the diel studies were representative of the study area and 
study period as a whole, then it appears that the monthly phytoplankton 
sampling runs, which were always performed during daylight hours, 
tended to encompass the times of maximum surface population densities. 
Vertical distributions - Table 10 summarizes the results of the 
phytoplankton vertical distribution studies performed in April, July, 
and November 1975. Population densities at three depths were compared~ 
using analysis of variance. for each station on each sampling date. 
Table 9 
1975 Diel Phytoplankton ANOVA Summary-Comparing Sampling Runs 
Date Parameters Sampling Runs and Means 
(Heans2not sharin7 an underline are significantly 
different, a.,$ .05) 
5-5,6 Chl a 4 8 5 1 3 6 
(pg/1) 2.3 2.5 2.5 2.9 3.2 3.8 4.0 4.4 
Total cells 5 4 8 6 2 7 3 1 
(cells/ml) 530 573 771 920 941 1047 1056 1086 
8p Chroomonas sp. 7 5 6 2 3 1 4 8 
(cells/ml) 48 56 58 67 69 71 86 104 
Nitzschia 5 4 ·3 6 8 2 7 1 
l&Utziniiana (cells/ml) 86 95 228 286 310 323 357 433 .p-. 
N 
Helosira 8 4 1 5 2 3 6 7 
sub salsa 
(cells/ml) 100 117 125 158 208 208 317 408 
7-22, 23 Chl a 6 5 4 8 7 3 1 2 
(pg/1) 3.7 4.5 4.6 5.3 5.3 5.5 5.7 6.3 
Total cells 6 5 7 3 4 8 1 2 
(cells/ml) 612 870 1521 1749 1806 2012 2046 3365 
8p Chroomonas sp. 6 5 7 3 4 1 8 2 
(cells/ml) 125 150 333 617 658 708 725 1475 
15p Cryptophyte 4 5 3 6 7 8 1 2 
(cells/ml) 8 16 25 33 100 133 325 542 
Melosira 6 5 7 8 1 3 4 2 
subsalsa 
(cells/ml) 17 82 323 353 414 513 534 629 
Table 9 (cont'd) 
Date Parameters Sampling Runs and Heans 
(Means not sharing an underline are significantly different,a~ .05) 
10-22, 23 Chl a 6 7 5 8 2 3 4 1 
<rg/1) 1.9 2.4 2.4 2.5 3.0 3.2 3.3 3.8 
Total cells 7 8 4 5 1 6 3 2 
(cells/ml) 349 388 452 491 575 616 6Z4 832 
{c Chroomonas sp. 7 8 4 1 5 6 3 2 
cells/ml) 56 78 99 132 173 289 306 362 
Nitzschia 6 3 7 5 8 4 2 1 
---
kUtzingiana 
(cells/ml) 22 43 47 69 95 108 129 138 
Helosira 5 4 3 7 1 6 2 8 .p. 
f2Y:bsalf2a (,.) 
(cells/ml) 60 104 116 164 168 168 190 241 
.a 
:: \/~\\ j 
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Figure 7 
Diel distributions of bottom salinity and of surface 
and bottom population densities of total cells and 
Chroomonas sp. on three sampling dates in 1975. 
Tides: E ~ ebb, F = flood, S =slack 
*Surface ~bottom difference significant at .OS level. 
Table 10 
1975 Vertical Phytoplankton M~OVA Summary 
Stations and F ratios 
Date Parameters DWS Int. HPEl HPE2 HPS HPN HPW2 HPWl Dis. CBE CBC JI 
4-17 Chl a 19.5* 7.17 2.21 .200 5.64 .462 4.59 .273 1.33 • 758 16.3* 29.4* 
(H>S=B) (B>M=S) (B>M>S) 
Total cells .209 . 402 .033 1.58 1.10 .054 .254 1.82 .619 .203 • 746 • 376 
7-17 Chl a 1.53 .092 .053 14.8* .163 8.59 8.30 1.78 2.76 5.20 .142 15.04* 
(B=M>S} (B>M=S) 
Total cells 13.1* 1.72 3.11 • 689 8.56 .603 .240 1.05 1.50 2.31 7.02 1.58 
(~) 
8p 17.4* 3.59 1.00 5.18 .819 .252 .675 • 275 1.88 23.2* 6. 40 
Chroomonas (S=H>B) ( s >J."\1 '>B ) ~ 
V1 
Skeletonema 
cos tatum 4.05 1.72 .973 3.69 10.5* 2.46 
(B>M=S) 
11-3 Chla .027 .633 2.29 16.5* 43.4** 4.94 .037 .846 .141 .261 7.63 4.86 
(B=M>S) (B>M=S) 
Total cells 5.91 3.10 .053 .176 . 826 4.33 .516 .275 • 300 .198 2.88 243** 
(B>S>M) 
8p 22.4* 9.27 3.75 1.28 5.59 1.32 .346 1.65 1.04 .500 .500 
Chroomonas (S>l1>B} 
Melosira 
subsalsa .322 2.80 3.48 2. 75 .168 .032 .017 3.45 .055 2.33 1.30 .162 
* Significant at a.s_ .05 
*,~ Significant at a.=S .01 
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Significant differences are indicated using the notation employed 
in Table 8 for the diel studies. 
For six stations, Int., HPEl, HPN, HPW2, Dis., and CBE, no 
significant vertical stratification was detected. Surface maxima 
for cryptophytes appeared only at stations DWS and~BC. Most of 
the other stratified vertical distributions involved bottom maxima 
of chlorophyll ~or total cells. 
The results indicated that the phytoplankton vertical 
distributions revealed by the diel studies at station CBC were 
not necessarily typical of the study area as a whole, and suggested 
that the surface samples obtained during the monthly phytoplankton 
runs were representative of the water column as a whole, for most 
stations. 
Plant entrainment effects - The results of the phytoplankton 
entrainment sampling runs, conducted monthly from April 1975 through 
March 1976, are summarized in Table 11. Mean intake and discharge 
chlorophyll a concentrations and phytoplankton population densities 
are included, along with the F ratios or t values obtained from 
statistical comparisons of the intake and discharge data. 
Significant losses, in terms of total cells and individual 
species counts, occurred between the intake and discharge in the 
months June through September. Figure 8 illustrates the pattern 
for total cells, in the context of the cycle of phytoplankton 
abundance and discharge water temperature observed for the full 
series of entrainment sampling runs. Figure 9 shows the abundance 
patterns for two species, Skeletonema costatum and Chroomonas sp., 
individually. Other species that exhibited entrainment losses 
Table 11 
1975-6 Surry Phytoplankton Entrainment AJ..'lOVA Summary 
Date Time Parameter Intake x Discharge x F t 
4-7 Combined Chla (ug/1) 2.9 2.7 2.93 
Combined Total cells (ce1ls/ml) 519 458 3.19 
5-8 Combined Chl a (pg/1) 4.2 4.3 • 299 
Combined Total cells (ce1ls/ml) 1850 1900 .533 
Combined 8p Chroomonas sp. (ce1ls/ml) 406 431 .114 
Combined Nitzschia kUtzingiana (cells/ml) 262 162 9.03* 
Combined Cyclotel1a meneghiniana (cells/ml) 700 894 6.08* 
.p.. 
-...,J 
Combined l1elosira sp. (cells/ml) 600 525 .588 
6-2 Combined Chl ~ (,J.lg/1) 4.6 4.3 1.21 
Combined Total cells (cells/ml) 1956 1281 19.85** 
Combined Nitzschia klitzingiana (cells/ml) 569 256 12.1** 
Combined Cyclotella meneghiniana(cells/ml) 438 312 2.91 
1456 15p Cryptophyte (cells/ml) 1100 350 10.6** 
7-15 Combined Chl ~ (pg/1) 4.6 3.6 12.7** 
Combined Total cells (cells/m1) 1456 512 65 .0** 
Combined 8u Chroomonas sp. (ce11s/m1) 662 150 53.6** 
I 
"'' 
Significant at ct~.os 
-;'c o.Jc Significant at a-:=_.01 
Table 11 (Continued) (2) 
Date Time Parameter Intake X Discharge X F 
7-15 Combined Skeletonema costatum (cells/ml) 388 182 41.8** 
1322 Pleurosi~ma delicatulum (cells/ml) 59 22 5.10* 
8-18 Combined Chl ~ (pg/1) 1.0 .76 48.3** 
Combined Total cells (cells/ml) 5656 1950 811** 
Combined Px:ramimonas sp. (cells/ml) 400 144 7.31* 
Combined Skeletonema costatum (cells/ml) 2058 975 26.9** 
Combined cx:clotella meneghiniana (cells/ml) 219 100 19. 56** 
Combined Rhizosolenia minima (cells/ml) 244 206 • 623 .p.. 
00 
1109 Pleurosigma delicatulum (cells/ml) 78 36 5. 72* 
1753 Pleurosi~ma delicatulum (cells/ml) 13 4 9.00* 
9-17 Combined Chl ~ (pg/1) 3.8 2.8 34.7** 
Combined Total cells (cells/ml) 1238 669 27.3** 
Combined 8p Chroomonas sp. (cells/ml) 350 244 4.88* 
Combined Skeletonema costatum (cells/ml) 444 232 22.6** 
Combined Pleurosigma delicatulum (cells/ml) 14 3 18.7** 
10-16 Combined Chl ~ (p.g/ 1) 3.3 3.0 5.40* 
2313 Total cells (cells/ml) 475 375 1.26 
0620 Total cells (cells/ml) 425 375 • 632 
* Significant at a.~· 05 
** Significant at a~.01 
Table 11 (Continued) (3) 
-Date Time Parameter Intake x Discharge X F t 
-
10-16 2313 8u Chroomonas I' sp. (cells/ml) 325 175 4.24 
0620 8p Chroomonas sp. (cells/ml) 250 200 1.00 
2313 Skeletonema costa tum (cells/ml) 16 6 1.79 
0620 Skeletonerna costa tum (cells/rnl) 32 28 .257 
11-19 Combined Chl ~ (yg/1) 1.6 1.3 25.6** 
0007 Total cells (cells/m1) 275 250 .186 
0739 Total cells (cells/m1) 525 350 .962 
0007 Skeletonema cos tatum (cells/ml) 125 100 .277 
~ 
\.0 
0739 Skeletonema costa tum (cells/ml) 300 150 1.00 
0739 Pleurosigma delicatu1um (cells/ml) 11 6 3.54 
12-17 Combined Chl a (}lg/1) 1.8 1.4 13.9** 
1156 Total cells (cells/m1) 375 450 1.34 
lts46 Total cells (cells/m1) 275 325 .632 
1-15 Combined Chl ~ (J.lg/1) 4.0 3.8 .546 
1135 Total cells (cells/m1) 500 575 1.34 
1819 Total cells (cells/m1) 450 425 .447 
1135 Skeletonema cos tatum (cells/ml) 250 250 0 
1819 Skeletonema cos tatum (cells/ml) 150 75 1.34 
* 
Significant ata,::;.05 
** Significant ata~.01 
Table 11 (Continued) (4) 
Date Time Parameter Intake Dischar~e - F t X X 
2-17 Combined Chl ~ (pg/1) 5.8 5.6 • 535 
1352 Total cells (cells/ml) 3875 4275 1.03 
2031 Total cells (cells/ml) 2950 2525 1.37 
1352 Skeletonema costa tum (cells/ml) 3200 3725 1.02 
1819 Skeletonema costa tum (cells/ml) 2450 1625 1.35 
3-18 Combined Chl ~ (pg/1) 5.6 5.5 .086 
1520 Total cells (cells/ml) 375 400 1.00 
0256 Total cells (cells/ml) 200 300 2.00 
Vl 
1520 Nitzschia vermicularis (cells/ml) 24 18 1.11 0 
* 
Significant at as.o5 
** 
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Figure 8·. 
Phytoplankton entrainment effects, total cells. 
Int. and Dis. values are shown separately when 


























































Figure 9. Phytoplankton entrainment effects, selected species. 
Int. and Dis. values are shown separately when 
significantly different (.05 level). · 
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included Nitzschia kUtzingiana in May and June, and Pyramimonas sp. 
and Cyclotella meneghiniana in August. Not included in this table 
are three additional species of flagellates that were present in 
August intake samples, but absent from the corresponding discharge 
samples. 
The loss of entrained phytoplankton appeared to be restricted 
to periods when the discharge water temperatures exceeded 30°C 
(Figure 8). Flagellates appeared to be removed more consistently 
than the diatoms (Figure 9), therefore the summer discharge samples 
exhibited differences in species composition as well as in overall 
phytoplankton abundance~ in comparison with the intake samples. 
Monthly Phytoplankton Studies 
Gross Parameters 
Primary productivity-1975 - Carbon-14 primary productivity 
values determined monthly in 1975 were averaged over seven river 
stations to construct the seasonal distribution shown in Figure lOA. 
Intake and discharge values, plotted in Figure lOB, were shown 
separately when they were significantly different within a given 
month~ otherwise they were averaged before plotting. 
In May, July, August, and October the discharge levels were 
lower than the intake levels of productivity. In all four of these 
months the intake levels were atypically high, relative to the study 
area as a whole, while the discharge levels in July and August were 
atypically low. 
Table 12 summarizes the results of analyses of variance 
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Seasonal distributions of primary productivity-1975. 
Int. and Dis. values are shown separately when 
significantly different (.05 level). 
TABLE 12 
1975 Primary productivity, ANOVA Summary 
stations and means (mg C ·m-3 ·hr-1) 
0(. ~. 05) (stations not sharing an underline are significantly different, 
Sampling 
Dates 
1-23-75 CBE HPE1 HPS HPW2 HPWl CBC Int . HPE2 Dis. HPN 
.558 . 724 . 824 . 824 . 932 . 992 1.08 1.28 1.54 3.20 
2-27-75 HPN HPW1 CBC DWS HPW2 JI HPE1 Int. Dis. CBE HPE2 HPS 
.158 .357 .387 .406 .470 .551 .564 .658 .694 .741 (LOST) 
3-27-75 HPN HPE2 HPW2 HPE1 Dl\TS Dis. JI CBC CBE Int. HPWl HPS 
.497 .776 .802 . 856 .898 1.06 1.08 1.11 1.12 1.22 1.28 1.30 
4-22-75 HPW2 CBC JI CBE HPE2 HPS HP1.J1 HPE1 Int. Dis. DHS HPN 
1.51 1.66 2.12 2.37 2.40 2.41 2.52 2.66 2.79 2.86 5.19 13.6 
5-20-7 5 CBC HPE2 JI DWS Dis. HPW2 HPE1 HPWl HPS CBE Int. HPN VI 
4.14 4.47 4.62 4.76 5.28 5.32 5.75 7.66 7.72 7.92 9.69 20.0 VI 
6-16-75 DWS HPl.J2 Dis. CBC HPE2 HPE1 HPWl HPS Int. JI HPN CBE 
4.90 6.58 8.64 11.5 11.8 15.8 17.0 17.8 18.6 19.2 23.5 29.4 
7-10-75 Dis. JI DWS HPS HPE2 HPW2 HPE1 CBC HPN CBE Int. HPWl 
12.6 14.8 17.4 19.0 20.9 23.6 24.5 28.0 33.6 36.5 37.0 50.2 
8-12-75 Dis. HPW2 JI HPS CBC HPE2 HPW1 HPEl DWS CBE Int. HPN 
16.7 17.6 19.8 22.0 22.0 28.5 29.6 36.4 40.3 41.2 65.6 71.7 
9-8-75 JI Dis. HPW2 HPS Int. CBC CBE DWS HPE1 HPWl HPN HPE2 
10.2 10.3 10.4 13.2 18.0 21.0 23.2 26.2 27.4 26.2 26.2 28.6 
10-7-75 HPN HPW2 JI HPS DWS HPE2 CBC HPEl Dis. CBE Int. HPWl 
1.58 2.34 3.19 3.52 3.55 3.84 4.24 4.34 4.46 4.84 7.33 11.5 
11-5-75 JI HPW2 HPE2 HPS Dis. CBC HPE1 DWS Int. CBE HPWl HPN 
3.73 3.82 3.96 4.09 4.80 5.25 5.65 5.69 5.82 6.36 8.22 8.59 
12-2-75 HPW2 HPN HPS CBC JI DHS CBE HPH1 HPE1 Dis. Int. HPE2 
. 950 1.07 1.10 1.12 1.16 1.18 1.18 1.53 1. 70 1. 70 2.01 2.16 
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and CBE were the river stations exhibiting the highest productivities 
in most months. These stations were located in shallow water near 
the mouths of creeks, and their phytoplankton communities appeared 
to be modified relative to the offshore river community. 
Chlorophyll a afid total cell counts-1975 - 1978 - Figures 11 
and 12 present the temporal distributions of chlorophyll ~ and 
total cell counts averaged over three river ~tations that were 
retained throughout the four year period. The shapes of the 
curves resemble to a limited degree the annual distributions of 
water temperature shown in Figure 13. Minimum phytoplankton 
abundance coincided with low or rapidly falling water temperature. 
However, the short term fluctuations in phytoplankton abundance 
in the spring and summer seem to have been ~elated more closely 
to temporal variations in salinity (Figure 14) than to temperature 
fluctuations. In 1977 and 1978 the annual maxima and the variations 
from season to season exhibited by salinity, chlorophyll ~' and 
total cell counts were all greater than in 1975 and 1976. For all 
four years~ but especially for 1977 and 1978 the chlorophyll ~ 
and total cell curves have a bimodal characteristic, with maxima 
in the spring and in the mid - to late summer. Those maxima 
appear to be related to the extremes in the salinity curve, with 
the spring phytoplankton peaks during the months of minimum salinity 
throughout the study area, and the summer peaks within periods of 
relatively high salinity, prior to ·the fall temperature declines. 
Intake and discharge chlorophyll ~ and total cell count values 
appear in Figures 15 and 16. For chlorophyll~' on 15 of 37 sampling 
dates the intake and discharge concentrations were significantly 
~I 4 













Figure 11. Temporal distribution of surface chlorophyll a 























Figure 12. Temporal distribution of surface total phytoplankton 
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Figure 14. 
Temporal distribution of surface salinity~ 
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Figure 15. Temporal distribution of intake and discharge chlorophyll a. 
Int-. and Dis. values are shown separately when significantTy 
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Temporal distribution of intake and discharge total Qhytoplankton. 
Int. and Dis. values are shown separately when significantly different 




different. On 12 of the 15 "significant" dates the discharge 
concentration was lower than the intake concentration. For total 
cells, on 16 of 40 dates there were significant differences. On 
14 of these 16 dates the discharge cell counts were lower than the 
the intake counts. Discharge levels exceeded intake levels during 
low temperature months: December 1975, November 1976, and February 
1978 for chlorophyll ~; March 1976 and February 1978 for total cells. 
Relatively reduced discharge levels occurred mainly during the high 
temperature months of May through September, when discharge water 
temperatures exceeded 30°C (Figure 13). 
Individual Species Distributions 
Temporal distributions-The bimodal spring-summer patterns of 
total phytoplankton abundance shown in Figure 12 appear to be 
characteristic of the study area. These patterns may be attributed 
to some degree to the alternation of dominance of the community 
by fresh and brackish water species during periods of minimum 
salinity, with dominance by Chesapeake Bay species under high 
salinity conditions. This pattern may be illustrated by the temporal 
distributions of two diatoms, Melosira subsalsa, (freshwater-oligoha-
line, Figure 17) and Skeletonema costatum (characteristic Chesapeake 
Bay dominant, Figure 18). M. subsalsa peaks occurred in April 1976, 
April-May 1977, and May 1978, when salinities in most or all of 
the study area were below 1 ppt (Figure 14). S. costatum peaked 
in July-August 1975, July and September 1976, and July-August 1978, 
and contributed to the total phytoplankton peaks in these months. 
Superimposed on the summer bay diatom peaks in the study area 
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Figure 17. 
Temporal distribution of Melosira subsalsa, 



















Downstream_ ( \ 
i\ I \ 
I \ I \ 
• I \ I \ 
Upstream--t A /\ 1 \\ 
1 -. Both Up I 1 • ·. and Down / • \ 
,. './ / \ 
/ '•-···- ... ~·-·-

























Temporal distribution of Skeletonema costatum, 
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Figure 19. Temporal distribution of Chroomonas spp. 











Figure 20. Temporal distribution of microflagellates 
(means - Sta. HPW2, CBC, JI) 
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and 20). These temporal distributions appeared to be related to 
the seasonal temperature patterns, rather than to salinity 
fluctuations. The period of maximum flagellate abundance, which 
included the months )uhe through September in most of the study 
years, coincided with the period of maximum primary producitivity 
in the 1975 study. These were also the months when significant 
entrainment losses were detected during the 1975 study. 
Spatial distributions-The spatial distributions of individual 
phytoplankton species were examined by performing analyses of 
variance on the abundance data for each samp1l ing run. The results 
of these analyses are summarized in the tabl~s in Appendix B. 
Six distinct distribution patteDE were observed, and are described 
below. The occurrence of each pattern during the study years 1975-
78 is summarized in Table 13. 
(1) Non-structured distribution throughout the study area. 
This type of pattern is illustrated in Figure 21 for Nitzschia 
kutzingiana, a planktonic pennate diatom. Differences in .population 
densities appeared among stations but these differences were not 
related to distance from shore, distance upstream or downstream. 
or to proximity eo the power plant discharge. During most of the 
sampling runs at least one species exhibited a pattern of this type 
(Table 13). 
(2) Structured distribution within the river. unrelated to 
the power plant. Certain inshore stations frequently exhibited 
population maxima of individual species. This pattern is illustrated 
for Rhizosolenia minima at station CBE (Figure 22), Chroomonas sp. 
at station HPWl (Figure 23), and microflagellates at stations HPN 
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Table 13 
Temporal Occurrence of Phytoplankton Spatial Distribution Patterns 
SURFACE WATER PATTERN* 
DATE TEMPERATURE ( oc) 1 2 3 Zj: 5 6 
Int. D1.s. 
1-23-75 5.0 11.2 X X 
2-27-75 9.7 17.8 X 
3-27-75 10.8' 19.5 X 
4-22-75 14.9 19.2 X X 
5-20-75 22.4 28.4 X X X 
6-16-75 26.3 30.2 X X 
7-10-75 27.2 32.4 X X X X 
8-12-75 28.1 36.0 X X X 
9- 8-75 26.2 34.6 X X X X 
10- 7-75 20.0 26.2 X X 
11- 5-75 16.0 22.2 X X X 
12- 2-75 10.2 14.8 X X 
1-21-76 2.6 7.2 X X X 
2-20-76 11.2 19.4 X X 
3-24-76 11.8 20.6 X X X 
4-23-76 21.4 26.8 X X X 
5-25-76 20.1 25.0 X X X 
6-23-76 26.6 35.1 X X X X X 
7-15-76 27.2 31.2 X X X X 
8-11-76 26.0 34.0 X X 
9-14-76 23.8 32.9 X X X 
10-14-76 18.0 23.7 X X X 
11-17-76 7.0 7.2 X X 
12-10-76 4.0 4.2 X X X 
2-23-77 5.4 13.2 X X X 
4-13-77 17.8 22.1 X X X 
5-12-77 18.1 23.1 X X X 
6-13-77 22.9 30.8 X X 
7-12-77• 28.6 33.8 X X X 
8-16-77 29.4 37.3 X X X X X 
9- 6-77 28.0 36.2 X X X X 
11- 9-77 19.0 26.9 X X X X 
2-28-78 4.0 12.7 X X X 
4-18-78 14.2 21.2 X X 
5-23-78 21.6 28.1 X X X 
6-20-78 26.4 32.4 X X X 
7-11-78 26.8 32.2 X X X 
8-23-78 28.8 37.5 X X X X X 
9-19-78 26.0 34.7 X X X X X X 
11-14-78 15.2 23.3 X X X 
7c-See Text 
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and CBE (Figure 24). Two factors that probably contributed to 
the high population densities at these three stations include 
shallow depth and proximity to a tributary creek that could have 
contributed nutrients or phytoplankton cells. This pattern was 
encountered in most sampling months (Table 13). 
(3) Transport of a planktonic species through the power plant 
canal system, causing a modification of the river phytoplankton 
community near the discharge. In February in 1976 and 1977 
Skeletonema costatum was more abundant on the downstream (intake) 
side of Hog Point than on the upstream (discharge) side (Figures 
25 and 26). The flow through the power plant cooling system conveyed 
large numbers of this species to the upstream side, where they were 
detected in the discharge plume. In July 1976 ~- costatum was less 
abundant on the downstream side, and the cooling water produced a 
dilution of the population density near the discharge (Figure 27). 
An extreme example of the dilution effect is shown in Figure 28 
for Melosira subsalsa in July 1978. This pattern appeared in 
22 of the 40 sampling runs (Table 13). 
(4) Transport of a benthic species through the power plant 
canal system. In the river near the power plant intake is a shallow 
zone, with depth less than 2 m. The water pumped into the intake 
canal is drawn through this zone, apparently creating sufficient 
turbulence to suspend benthic pennate diatoms. The diatoms pass 
through the canals and appear in the plume on the discharge side 
of HqgPoint. Species that have exhibited this pattern include 
Pleurosigma delicatulum (August 1975 and October 1976 - Figures 29 
and 30) and Gyrosigma spp. (September 1976 and 1978 - Figures 31 and 
32). This type of transport pattern was observed on 17 sampling 
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dates. It was not evident in sampling runs performed in December, 
January, or February (Table 13). 
(5) Significant reduction in the population of planktonic 
species transported through the cooling water system. Primarily 
involving flagellams (Figures 33, 34, and 35), this pattern was 
observed only in the months May through September, when discharge 
water temperatures approached or exceeded 30°C (Table 13). 
(6) Production of phytoplankton within the cooling water 
canal system. In August and September 1978 a distinctive micro-
flagellate appeared to join the phytoplankton as the cooling water 
flowed through the upper section of the intake canal (Figure 36). 
This form was probably a zoospore or gamete released by algae 
growing attached to the canal walls or other available surfaces. 
No similar flagellates appeared in the samples taken at the river 
stations in these months. 
Summary 
The normal annual phytoplankton cycle in the study area appeared 
to be related quantitatively to solar energy input, and q~alitatively 
to salinity fluctuations. The overall abundance of phytoplankton 
followed the annual temperature curve, with cryptophytes and other 
flagellates peaking in the summer. The centric diatom component was 
dominated by brackish water species during periods of high runoff 
and consequently depressed salinities. Estuarine diatom species 
predominated when salinities increased during the drought conditions. 
Diel ranges in phytoplankton abundance were wider for individual 
species then for total phytoplankton. Flagellates could accumulate 
near the surface during daylight hours, but this was observed at 
• 
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only a minority of the stations sampled. It was concluded on the 
basis of three diel and three vertical distribution studies that 
surface samples collected during daylight were comparable among 
stations, under most conditions. 
Power plant effects could be detected during any month of the 
year. Most of the effects involved the transport of phytoplankton 
of a certain composition from the downstream side of Hog Point, 
through the cooling water canal system, to the river on the upstream 
side where the species compostion was different. The resulting· 
modification of the upstream phytoplankton community could be 
detected in the cooling water plume, but became obscured as the 
plume water mixed with the river water .. Obvious destruction of 
cells occurred in the summer months when discharge water temperatures 
reached approximately 30°C. Most of the species affected were 
flagellates which achieved their annual maximum population densities 
in the river in the summer. Depressed levels of primary productivity, 
chlorophyll ~, total cell abundance, and flagellate abundance were 
detected in the vicinity of the discharge canal mouth, but levels 
at plume stations upstream and downstream from the discharge were 
usually indistinguishable from levels at reference river stations. 
Results-Zooplankton Studies 
Community Composition 
The dominant component of the euplankton in the study area 
consisted of the various life stages of copepods. The most 
important calanoid genera were Acartia (probably A. tonsa) 
and Eurytemora (probably E. affinis). A. tonsa is a .euryhaline 
species (Wass et al. 1972) that is the dominant copepod in lower 
Chesapeake Bay in the summer months (Jacobs 1978). E. affinis 
is abundant in fresh to polyhaline waters in middle and upper 
Chesapeake Bay and apparently breeds throughout the year (Wass 
et al. 1972). Cyclopoid and harpacticoid copepods also appeared 
in the samples but were generally of minor quantitative importance. 
Other euplanktonic groups included cladocerans, represented 
by the fresh to oligohaline genus Bosmina (Wass et al. 1972) and 
rotifers, consisting mostly of freshwater species. Groups contributing 
to the meroplankton included barnacle nauplii and larval polychaetes, 
pelecypods, and gastropods. 
Special Studies-1975 
Diel distributions 
The spatial distribution patterns for the major zooplankton 
groups were examined for each sampling time during the diel series, 
using analysis of variance to compare population densities at the 
three towing depths. The results for station HPW 2 in May (Table 14) 
showed vertical stratification for two taxa at each of two sampling 
times. For station CBC in July and October more than 25% of the data 
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Table 14 
1975 Die! Zooplankton ANOVA Summary - Comparing Depths 
Date Station Parameters Times and F Ratios 
5-5, 6 HPW 2 1130 1430 1725 2027 2330 0245 0532 0830 
Copepod nauplii 1.53 6.12 1.51 1.60 21.9** 1.52 .547 2.24 
(M>B>S) 
Rotifers .274 1.22 6.76 .026 3.47 
Bosmina sp. .162 8.23 .179 .984 5.02 .916 
Cyc1opoid copepods .495 1.24 2.86 .638 .840 1.79 
Harpacticoid copepods 8.13 .015 3.56 4.49 .315 .170 3.95 1.72 
Eurytemora sp. 1.70 1.09 2.32 .136 7.49 1.43 4.90 40.3** "' 0 (B=M>S) 
Gastropod larvae .051 4.20 10.3* .118 1.20 10.7* 
(B>M=S) (B>M=S) 
7-22,23 CBC 1154 1454 1800 2055 2355 0258 0556 0856 
Copepod nauplii 46.1** 6.64 .796 15.5* 19.4* 
.209 5. 82 6.50 (S=B>M) (B=M>S) (B=M>S) 
Acartia sp. 2.12 .459 .186 14.0* 3.63 .463 1.91 
(B=M~) 
Bosmina sp. 10.0* 15.3* 2.44 3.35 16.0* 4.56 41.9** .076 
(B=M>S) (S>M=B) (M>B=S) H>B>S) 
Cyc1opoid copepods 1.82 1.03 .431 12.6* 3.28 56.4** .513 2.42 
(B>M>S) (B>M=S) 
Harpacticoid copepod 7.25 9.95* . 4 79 3.47 .107 510** 5.81 1.68 
(B=H>S) (B>S) 
Eurltemora sp. 5.05 4.82 .204 18.6* 8Q 1 0** 9:9 8** ~ 1.43 
(B=M>S) (B=M>S) (B>M>S) (B=M>s) 
C1adocera 16.1* 8.66 . 747 .228 .666 8.99 .290 1.28 
(B=H>S) 
* Significant ata~.05 
** Significant ataS... 01 
Table 14 (Continued) (2) 
Times and F Ratios 
Date Station Parameters 
10-22,23 CBC 1129 1430 1730 2030 2331 0229 0528 0830 
Copepod nauplii 2.77 23.3* .364 1.01 .150 .201 11.3* 5.51 
( S>ivi=B) (B>S) 
Bosmina sp. 20.2* .508 . 551 99.1** 3.85 .294 27.8* 1.79 
(S>M>B) (B>M>S) (B>M=S) 
Cyclopoid copepods 26.2* 1.80 15.6 41.5** 13.0* 21.2* .440 1.86 
(B>l1>S) (B>M=S) (B>M=S) (B=M>S) 
Harpacticoid copepods .762 2.15 .905 9.03 6.87 4.84 20.7* 4.32 
(B>M=S) 
Eurytemora sp. 5.57 10.2* 3.59 22.2* 1.78 .513 18.5* .728 
(B=M>S) (B>M=S) (B>M=S) 
\0 
Pelecypod larvae 2.31 . 082 10.8 .124 .062 8.10 4.53 t-' 
* Significant at a~. 05 
** Significant at a~.01 
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analyses revealed stratification, with bottom maxima or surface 
minima involved in almost 50% of the vertical patterns observed 
between 2000 and 0600 hr. Surface maxima were exhibited only by 
copepod nauplii at 1430 on October 22, and Bosmina sp. at 1454 
on July 22 and 1129 ori October 22. On these two dates surface 
maxima of phytoflagellates were observed between 1400 and 1600 hr. 
(Figure 7). 
The diel ranges of population densities averaged over the three 
sampling depths approximated one order of magnitude for most of the 
zooplankton taxa (Table 15). For copepod nauplii on October 22 
the means for two sequential sampling runs (5 and 6) differed by a 
factor of 11.6. Run 5 was conducted at late ebb tide, while run 6 
was mid-way through the following flood tide. 
Vertical distributions 
The diel zooplankton distribution study revealed vertical 
stratification, at the two stations sampled, more frequently at 
night than during daylight hours. The vertical distribution study 
encompassed all of the 12 river stations employed in the 1975 study 
in a series of three daylight sampling runs. Analyses of variance 
performed to compare population densities among sampling depths 
showed at least one stratified vertical distribution at every station 
(Table 16). Most of the stratified patterns included a population 
minimum at the surface. Surface maxima, however, were observed more 
than once for copepod nauplii, Bosmina sp., and rotifers. 
The results of this substudy indicated that it could not be 
Table 15 
1975 Diel Zooplankton ANOVA Summary - Comparing Sampling Runs 
Date Parameters Sampling Runs and Means 
(Heans not sharing an underline are significantly different, a< .05) 
5-5 Copepod nauplii 2 7 3 1 4 6 5 8 
(No. /100 1) 92 103 145 245 274 548 561 584 
Rotifers 8 7 6 1 2 4 3 
(No. /100 1) • 76 1.4 2.1 4.7 7.4 8.9 12 
Cyclopoid copepods 2 1 7 5 3 4 8 6 
(No. /100 1) 1.0 1.4 3.8 6.0 8.1 8.3 12 18 
Harpacticoid copepods 1 2 8 7 3 4 5 6 
(No. /100 1) 6.4 19 49 73 88 99 118 549 
Eurytemora sp. 2 1 7 3 4 5 8 6 
"" (No./100 1) 3.9 5.2 6.4 8.3 15 15 15 31 (.;.) 
7-22 Copepod nauplii 1 6 2 5 3 4 7 8 
(No. /100 1) 66 115 232 408 443 580 718 768 
Bosmina sp. 7 5 1 3 2 4 6 8 
(No./100 1) 9.8 11 14 15 19 21 21 30 
Cyclopoid copepods 5 1 7 3 4 6 8 2 
(No./100 1) 22 27 30 85 91 92 146 202 
Harpacticoid cope pods 5 4 8 6 7 1 2 3 
(No. /100 1) 2.1 3.8 7.6 7.7 9.8 11 11 36 
Eurytemora sp. 7 5 3 8 4 2 1 6 
(No./100 1) 26 42 71 78 82 94 164 191 
Cladocerans 7 4 5 3 1 8 2 6 
(No./100 1) 2.5 2.9 7.0 7.3 8.5 11 13 25 
Table 15 (Continued) (2) 
Date Parameters Sampling Runs and Means 
(Me?ns not sharing an underline are significantly different, a.< .05) 10-22 Copepod nauplii 8 1 3 7 4 2 6 
(No. /100 1) 32 43 46 75 93 108 111 371 
Bosmina sp. 3 2 8 6 5 4 1 7 
(No. /100 1) 4.2 6.8 12 14 18 25 26 40 
Cyclopoid copepods 3 4 1 8 5 2 7 6 
(No. /100 1) 4.4 9.3 12 14 17 20 22 23 
Harpacticoid copepods 1 3 2 6 8 5 7 4 
(No./100 1) 1.4 4.5 6.2 17 19 25 40 53 
Eurytemora sp. 3 8 2 5 6 1 7 4 
(No./100 1) 19 32 40 40 52 58 58 77 
Pelecypod larvae 8 4 2 3 5 6 7 1 \.0 
(No./100 1) 1.1 1.1 1.6 2.8 7.7 15 15 21 
.p. 
Table 16 
1975 Vertical Zooplankton ANOVA Summary 
Stations and F Ratios 
Date Parameters DWS Int. HPEl+ HPE2 HPS HPN HPW2 HPWl Dis. CBE CBC JI 
5-15 Copepod 3.44 20. 7* 1.71 33.8* .813 11.6* .270 .198 11.4* 
nauplii (B>M=S) (S>M>B) (S>M=B) (S=B>M) 
Acartia .482 .030 .601 .601 .051 
sp. 
Eurytemora . 369 186* 38.1* 3.58 6877** 10.5* 1.89 .278 1.77 
sp. ~ .... c\ ~C'\ f"D'-C'\ ~u\ \ .ur .L . .L ...... ...> I \.I..J.-.U ...... ...>J \.U ....... .:JJ \.L·J. ..... u-.u J 
Cyclopoid 8.87 8.79 43.7* 9.14 .259 .994 10.3* 
copepods (B>M~S) (H>S) 
Harpacticoid 4.32 44.6* 5.95 1.40 4.55 .943 9.01 .808 1.31 \0 U1 
copepods (B>H>S) 
Bosmina 25.2* 32.9* 11.6* . 296 38.1* 2.42 2.03 .262 2.30 
sp. (S=B>r1) (B>M=S) (M>B>S) (B>S) 
Rotifers 1.15 21.8* .019 16.5* 9.53* 1.21 5.09 .527 38.2* 
(B=M>S) (B>H>S) (B=M>S) (B=H>S) (S>B) (S>M~) 
+ bottom and mid depth counts exaggerated due to rotor clogging 
·'· Significant at ().~.05 
" 
*"'~ Significant at a~.01 
Table 16 (Continued) (2) 
Stations and F Ratios 
Date Parameters DWS Int. HPEl HPE2 HPS HPN HPW2 HPWl Dis. CBE CBC JI 
7-17 Copepod .645 1.38 2.59 1.58 6.97 31.4* 1.01 .058 . 862 1.88 9.68* 1.11 
nauplii (B>S) S=M>B) 
Acartia . 976 . 298 5.71 .059 1.18 3.29 1.44 1.57 11.3* .504 
sp. (B>M=S) 
Eurytemora 6.08 .283 9.72* 7.43 4.46 4.31 .377 .495 4.95 8.25 
sp. (B=M:>S) 
Cyclopoid 7.99 .005 .737 6.71 1.15 1.60 .236 .348 .714 5.07 
copepods 
Harpacticoid 4.12 .403 15.7* 3.23 .863 1.64 .985 3.32 5.01 
cope pods (B=M>S) (B>S) \0 
0\ 
Bosmina .887 .001 1.60 2.41 .632 .060 14.7* 8.91 
sp. (S=M:>B) 
Other .042 .119 4.44 16.6* 15.0* 1.75 6.93 19.0* 
Cladocera (B=M>S) (B=M>S) (B>S) (B=M>S) 
Rotifers 2.30 13.6* .207 2.23 .081 
(B>S) 
Barnacle 2.77 .601 24.2* 1.77 7.57 .145 .571 .755 
nauplii (S>H=B) 
Polychaete 3.78 .741 .116 .020 1.04 .287 
larvae 
Gastropod .536 10.5 •. 848 .041 .075 .091 
larvae 
* Significant at a.$.05 
** Significant at a,s:.Ol 
Table 16 (Continued) (3) 
Stations and F Ratios 
Date Parameter DWS Int HPEl HPE2 HPS HPN HPW2 HPWl Dis. CBE CBC JI 
11-3 Copepod 9.99* 10.6* 5.44 7.45 6.58 8.14 1.54 22.3* 16.4* 31.3* 2.40 9. 39* 
nauplii (B=M>S) (S>B) (B>S) (B>S) (B=S>M) (B>S) (B>H=S) 
Eur}:temora .105 1.33 3.03 7.18 1.67 7.73 41.0* 1.20 . 867 .052 1.36 12.5* 
sp. (B=M">S) (B=M>s) (S=M>B) (H>s=B) 
Cyclopoid 1.90 .138 .613 29.7* .344 2. 72 
copepods (i1>S>B) 
Harpacticoid 5.75 .110 .058 .481 73.6* 3.89 .061 .052 51.0* .911 .924 
copepods (B=M>S) (B>S) (B=M>S) (S>B) 
Rotifers 10.0* 4.33 2.91 14.3* .017 2.89 .013 6.47 100* 2.52 4.42 
(B=S~vi) (S>i1=B) (S>ivi>B) (B>s) 




Significant at a~. OS 
** 
Significant at a::;.01 
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assumed that surface net tows produced samples representative of 
the water column, even under daylight conditions. Subsequently 
in the Surry Power Station study zooplankton sampling was performed 
ata subsurface depth at each station. 
Entrainment effects 
The zooplankton entrainment study, performed by George C. Grant 
and Burton B. Bryan in the period April 1975 - March 1976 (Grant and 
Bryan 1976), employed a 202 micron mesh net. The results therefore 
apply to the mesozooplankton, which consisted mostly of calanoid 
copepods throughout the year. The study revealed an apparent reduction 
in copepod population densities between the intake and discharge for 
sampling runs in May, June, July, August, September, and November 1975, 
and in February 1976. However these results were not interpreted as 
evidence of loss of organisims due to entrainment. Entrainment-
related mortality was estimated by comparing percentages of dead 
organisims in discharge and intake samples, a method that showed 
negative entrainment effects for total zooplankton only in the months 
May through September 1975. The highest estimated entrainment loss 
was 12.4%, during one sampling sequence performed in August. Mortality 
assessments were not obtained by this method in April and October 1975. 
Estimates for the months November 1975 through March 1976 were es-
sentially zero mortality. 
Monthly Zooplankton Studies-1975-78 
Temporal distributions-Throughout four years of sampling the 
subsurface zooplankton on an approximately monthly schedule, the 
composition of the community in the study area varied seasonally, 
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revealing patterns that appeared to be related to salinity and 
temperature cycles. The copepod component of the community consisted 
predominantly of nauplii, and of adults of the genera Acartia and 
Eurytemora. The curve representing the abundance of nauplii (Figure 37) 
is similar in ge~eral shape to the temperature curve (Figure 13), 
while the Acartia sp. pattern (Figure 38) more closely resembles the 
salinity plot (Figure 14). The peaks of Eurytemora sp. abundance 
(Figure 39) preceded the peaks for Acartia sp. within the individual 
study years and appeared to coincide with periods of increasing 
temperature and intermediate salinity levels. 
Of the remaining euplanktonic groups, rotifers (Figure 40) 
revealed periods of direct and periods of inverse relationships to 
salinity, suggesting that estuarine and freshwater species dominated 
at different times. Bosmina sp., a representative freshwater cladoceran, 
was abundant only during periods of low salinity (Figure 41). 
Meroplankton was an important component of the total zooplankton 
during most of the study period. Polychaete larvae (Figure 42) were 
present in all seasons and fluctuations in population density of this 
group closely paralleled salinity changes. Barnacle nauplii abundance 
(Figure 43) also varied in relation to salinity, except during the 
winter months when very few were present in the study area. Pelecypod 
larvae (Figure 44) and gastropod larvae (Figure 45) exhibited large 
fluctuations from year to year as well as from season to season. Both 
of these groups were present in very low numbers during the winter, 
increased dramati~ally in the spring with increasing salinity and 
temperature, occurred in varying numbers during the summer, and declined 
Figure 37. Temporal distribution of copepod nauplii, averaged 
over 9 stations (DWS, Int, HPS, HPW2, HPWl, Dis., 
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Figure 38. Temporal distribution of Acartia sp., averaged over 
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Figure 39. Temporal distribution of Eurytemora sp., averaged 
over 9 stations (DWS, Int, HPS, HPW2, HPWl, Dis., 
C BE , C BC , J I ) . 
Figure 40. Temporal distribution of rotifers, averaged over 9 

































Figure 41. Temporal distribution of Bosmina sp., averaged over 
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Figure 42. Temporal distribution of polychaete larvae, averaged over 
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Figure 43. Temporal distribution of barnacle nauplii, averaged over 
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Figure 44. Temporal distribution of pelecypod larvae, averaged over 
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Figure 45. Temporal distribution of gastropod larvae, averaged 
over.9 stations (DWS, Int., HPS, HPW2, HPWl, Dis., 





to low levels in the fall. The highest peak population densities 
of both of these groups of larvae occurred in 1978, while much 
lower densities had appeared in 1976. In 1977, pelecypod larvae 
were abundant, but gastropod larvae exhibited a pattern similiar 
to their 1976 seasonal distrihltion. 
Spatial distributions-The population density data from the 
monthly zooplankton sampling runs were examined, using analysis 
of variance to identify significant differences among stations. 
These differences are summarized in Appendix C. Five characteristic 
spatial patterns can be recognized in these tables: 
(1) Unifonn distribution throughout the study area. For certain 
species within a given month no significant differences in population 
density could be detected among the stations. Either the species 
were truly unifonnly distributed, or high sampling error obscured 
the heterogeneity of the distribution. Uniform patterns appeared 
in 13 sampling runs (Table 17). 
(2) A nonunifonn pattern, unrelated to the power plant. In almost 
all of the sampling runs at least one species exhibited differences 
among stations that did not appear to reflect the influence of the 
power plant discharge (Table 17). In some cases an obvious gradient 
was present, with population densities increasing with distance either 
upstream or downstream within the study area. In other cases, as 
shown in Figure 46, densities decreased both upstream and downstream 
from the center. 
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Table 17 
Temporal Occurrence of Zooplankton Spatial Distribution Patterns 
DATE PATTERN 
I 2 ~ 4 :5 
1-30-75 X X X 
2-14-75 X X X 




7-17-75 X X 
8-21-75 X X 
9-26-75 X X 
11- 3-75 X 
11-18-75 X X 
12-29-75 X X 
1-21-76 X X X 
2-20-76 X X 
3-24-76 X X 
4-23-76 X X 
5-25-76 X X 
6-23-76 X X 
7-15-76 X X X 
8-11-76 X X X 
9-14-76 X X X 
10-14-76 X X 
11-17-76 X X X 
12-10-76 X X 
2-23-77 X X X 
4-13-77 X X X X 
5-12-77 X X X 
6-13-77 X 
7-12-77 X X 
8-16-77 X X 
9- 6-77 X X 
11- 9-77 X 
2-28-78 X X X 
4-18-78 X X X 
5-23..;78 X X X 
6-20-78 X X X X 
7-11-78 X 
8-23-78 X X X X 
9-19-78 X X 
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Non-uniform zooplankton distribution, 
unrelated to the power plant. 
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(3) Modification of the zooplankton community composition near the 
discharge due to transport of water through the power plant from 
the intake side of Hog Point. This type of pattern resulted from 
the power plant pumping activity be.~ng 'uperimposed on the spatial 
. ' population gradients that existed naturally in the river segment 
surrounding Hog Point. When population densities were lower on 
the intake side of the point, the cooling water discharge tended 
to dilute the populations on the discharge side. ·This is illustrat~d 
for rotifers in November 1975 (Figure 47), Bofmina sp. in October 1976 
(Figure 48), and pelecypod larvae in September 1977 (Figure 49). The 
opposite pattern, that resulted when higher p~pulation levels occurred 
on the intake side, was exhibited by polychaete larvae in November 1975 
(Figure 50). 
(4) Production of zooplankton in the power plant canals. In most 
instances this involved the release of barnacle nauplii by adults 
apparently residing in the intake and discharge canals. Large numbers 
of these larvae consequently appeared in samples taken in ~he canals 
and in the river at the discharge (Figure 51), and occasionally also 
at plume stations beyond the immediate discharge zone (Figure 52). 
Other groups that appeared to be produced in the cana~included 
harpacticoid copepods in January 1975 and March and April 1976 (Tables 
Cl, ClS, and Cl6), copepod nauplii in November 1976, and rotifers in 
December 1976 (Tables C23 and C24). The majority of the production 
patterns, however, occurred during the spring and summer months, when 
barnacle nauplii were present (Table 17). 
0 
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(5) Loss of zooplankton during transport through the cooling system. 
This interpretation was applied when discharge population densities 
were significantly lower than intake densities (Figures 53 and 54). 
As shown in Table 17, patterns of this type were detected in 14 
sampling runs, 10 of which ·were performed in spring or summer months 
during which population levels of most zooplankton groups were highest 
and during which entrainment damage was most likely to occur (Grant 
and Bryan, 1976), Depressed population levels related to entrainment 
were generally detected only in the discharge vicinity and at plume 
stations nearest the discharge. 
Summary 
The diel and vertical zooplankton distribution studies conducted 
in 1975 revealed that order of magnitude changes in population density 
could be produced at a given station by a reversal of the tidal current 
direction. Population densities at the bottom tended to be higher 
than at mid-depth or surface, especially at night, while surface maxima 
were exhibited by several species during the day. Sampling during the 
monthly river surveys was conducted at subsurface depths, in an attempt 
to avoid both surface and bottom maxima and minima. 
The influence of the power plant discharge on the zooplankton 
in the study area was detectable mainly in the form of localized 
modifications of the spatial distributions of specific taxonomic 
groups. Spatial and temporal zooplankton distributions in the study 
area were influenced predominantly by seasonal shifts in water temper-
atures and salinity gradients. Consequently the spatial pattern 
0 
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most frequently observed for a giyen. ,species was characterized by 
high variability in population density from station to station, 
apparently independent of the power plant. The holoplankton was 
dominated by the various life stages of copepods during most months, 
with cladocerans and rotifers becoming abundant under favorable 
salinity conditions. Meroplankton accounted for a large proportion 
of the total zooplankton, especially during the summer, and was 
contributed to the river by the power plant canals. 
Entrainment damage was detected mainly in the summer months, 
and was specific to individual taxonomic groups, rather than involving 
the zooplankton community as a whole. Differentiations between live 
and dead organisms indicated that a maximum of 12% mortality of the 
mesozooplankton could be expected due to condenser passage. 
Results-Benthos Studies 
Community Composition 
The benthic macroinvertebrate community in the study area is 
similar to communities in the oligohaline zones of Chesapeake Bay 
and its other tributaries (Pfitzenmeyer 1970, 1971; Boesch 1971; 
Johns Hopkins University 1973; Jordan et al. 1979). The number of 
species present and the values of species diversity indices are 
low in the oligohaline zone, relative to the other zones of the 
James River (Figure 55), due to the harsh environmental conditions 
imposed by characteristically low and rapidly fluctuating salinities. 
The population centers of most of the species are either upstream or 
downstream from the oligohal:ine zone, and the relative numbers of 
estuarine and freshwater species present vary in relation to fresh-
water runoff (Diaz 1977). 
The species that can successfully establish populations in the 
oligohaline zone tend to tol•~rate salinities ranging from zero to 
mesohaline (5-18 ppt) levels, and to be opportunistic in their 
reproductive strategies. Under favorable salinity and temperature 
conditions they periodically produce large numbers of larvae that 
disperse passively, either as meroplankters in the case of Rangia 
cuneata, a brackish water clam, and Scolecolepides viridis, an 
abundant polychaete, or as tychoplankters in the case of Leptocheirus 
plumulosus, the dominant amphipod. As a consequence the seasonal 
variations in population densities observed during the benthos sampling 
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For the major invertebrate species the total numbers of organisms 
recovered on the 1.0 mm screen, over the study area as a whole (Appendix 
D), were plotted for each sampling run to construct the temporal 
distributions appearing in Figures 56, 57, and 58. For the four species 
appearing in Figure 56 the seasonal abundance patterns distinctly 
reflected their reproductive periodicity. The polychaete Scolecolepides 
viridis, which spawns in the early spring (George 1966), was collected 
in the greatest abundance in the months March through July. For the 
amphipods Corophium lacustre and Leptocheirus plumulosus, which 
reproduce in the summer (Bousfield 1973), June, July, and August were 
the peak months. The opposite pattern was exhibited by the polychaete 
Nereis succinea, which produces planktonic larvae in the late spring 
through early fall (Grassle and Grassle 1974), but whose offspring 
apparently join the benthic population principally in the late summer 
and fall. 
Neither L. plumulosus nor N. succinea, which have their population 
centers downstream from the oligohaline zone (Diaz 1977), was collected 
in the study area in the 197.2 or 1973 sampling runs. In the summers of 
these two years, as well as in the summer of 1971, salinities near Hog 
Point did not rise to the peak levels reached in preceding or following 
years (Figure 59), and as a consequence the study area was apparently 
removed from their geographical range. Corophium lacustre was absent 
from samples collected in July and August 1972, following the freshet 
produced by Tropical Storm Agnes. 
The three species included in Figure 57 exhibited their population 
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Figure 56. 
Temporal abundance patterns of benthic 
species exhibiting distinct seasonality. 
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were observed (Figure 59), and were collected in markedly lower 
numbers in the higher salinity years of 1976-78. Both Congeria 
£ucophaeta and Corbicula manilensis have their James River population 
centers in the upper tidal freshwater zone (Diaz 1977), and are 
therefore representatives of the essentially freshwater component 
of the fauna in the study area. Species of Hydrobia are typically 
brackish water forms (Gosner 1971), and were encountered at one station, 
downstream from the oligohaline zone, during the James River benthos 
study conducted in 1971-72 by Diaz (1977). 
The temporal distributions plotted in Figure 58 show year to year 
abundance changes, and population maxima near the beginning or end of 
the study period. The replacement of Macoma mitchelli by M. balthica 
in 1972-73 may have been a consequence of Tropical Storm Agnes (Figure 
59). The virtual disappearance of the Laeonereis culveri population 
coincided with the appearance of Nereis succinea in 1974 (Figure 56). 
Throughout the study period the invertebrate that appeared the 
most consistently in the benthos samples was Rangia cuneata, a brackish 
water clam (Figure 60). In the James River this species has been found 
from the lower mesohaline zone to the upper tidal freshwater zone, and 
its highest population densities have been in the lower tidal fresh-
water zone (Diaz 1977). R. cuneata is subject to episodes of mortality 
during extended periods of cold water temperatures coupled with low 
salinities (Cain 1972), and the aftermath of one of these events was 
evidenced in the early spring of 1977 by the presence of large numbers 
of rotting clams in the samples (Figure 60). This species has two 
reproductive periods during the year, in the summer and winter, and 
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success of these two efforts, superimposed on the response of the 
population to the cold temperature stress during the winter. In 
1971, '73, '75, '77, and '78 the population peaks in July or August 
suggested that reproduction was more successful during the summer. 
The winter-spring peaks in 1972, '74, and '77 suggested that winter 
reproduction was more successful, although the partial dieoff in 1977 
was a more significant event in that year. Predation, by fish (Darnell 
1958) and wildfowl (Bureau of Sport Fisheries and Wildlife et al. 1965), 
may be another significant source of mortality for R. cuneata. 
Spatial Distributions 
The spatial patterns exhibited by individual species were 
evaluated periodically during the study. For certain species a 
distinct preference for a sediment type was readily apparent. 
Lepidactylus dytiscus, an amphipod, was found in greatest numbers 
at stations 3, 7, 9, and 12 (Figure 61), where sand was the predominant 
component of the substrate (Tables 18 and 19). Corbicula·manilensis 
was more abundant at station 12 than at any other station (~igure 62), 
which may have indicated a preference for the coarse sand sediment at 
the site or for the proximity to the mouth of a creek, a potential 
source of fresh water and food particles. 
Species that appeared to prefer finer sediment types included 
Rangia cuneata, Scolecolepides viridis, Gammarus sp., Leptocheirus 
plumulosus, Cyathura polita, and Congeria leucophaeta. Of these, f. 
leucophaeta was found in highest denaities at stations 8 and 11, which 
were in the area encompassed by the thermal plume (Figure 63), while 
~ plumulosus tended to be less abundant at stations 8 and 11 than at 
other stations with predominantly fine sediments (Figure 64), during 
SCALE: INAUT. MI. 










Figure 61· Spatial distribution of Lepidactylus dytiscus 
in the study area, 1973-76. 
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Table 18 
Benthos Station Sediment Characteristics May, 1969 
Station Sand Silt Clay 
Sediment tyEe No. {~63~} {42;!-63p2 {t4T2 (% (%) % 
Sand 3 98.8 0.3 0.9 
7 94.8 3.6 1.6 
9 98.4 0.8 0.8 
13 91.2 5.5 3.3 
Sand-silt-
clay 12 53.1 17.6 29.3 
5 41.8 29.2 29.0 
11 50.5 23.9 25.6 
15 54.8 18.7 26.5 
Clayey silt 1 1.9 52.8 45.3 
2 0.2 82.7 17.0 
6 9.8 26.2 64.0 
10 2.8 78.6 18.f) 
14 6.1 45.7 48.2 
16 . 8 89.f) 'J.F; 
4 2.3 78.5 ] C) • 2 
8 3.9 66.3 29.8 
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Table 19 
Bent:hos Station Sediment Characteristics June 29, 1978 
Station Loss on SanQ. Silt Clay 
No. Ignition ()63,U) (4}1 -63f) ( (4}J) 
Sediment type (%) (%) (%) (%) 
Sand 1 1.23 97.6 0.5 1.9 
3 0.35 98.8 0.4 0.8 
12 0. 27 99.6 0.2 0.2 
15 2.34 91.3 6.0 2.7 
7 0.49 97.5 1.4 1.1 
Sand-silt- 5 5.55 50.7 33.8 15.5 
clay 6 6.52 36.7 37.3 26.0 
16 8.14 52.8 23.0 24.2 
9 3.31 33.5 37.0 29.5 
11 2.21 77.2 12.0 10.8 
13 1.86 68.9 17.3 13.8 
Clayey silt 2 8.74 25.4 40.8 33.8 
10 8.56 13.6 43.9 42.5 
14 9.32 5.8 47.2 47.0 
4 9.67 12.0 56.4 31.6 
8 9.17 7.0 49.0 44.0 
• 
• 
SCALE: I NAUT. MI. 
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Figure 62· Spatial distribution of Corbicu1a mani1ensis 
in the study area, 1974-76. 
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Figure 63. Spatial distribution of Congeria leucophaeta in the 





































Distribution of J ... eptocheir'.:l~ plumulosus 
among clay-silt stations, summer months, 
1974, '75, '77, '78. Data are from 1.0 mm 
sample fractions. Station means not sharing 
an underline are significantly different, .OS level. 
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the summer sampling runs. 
To test for an effect of the power plant on the composition of 
the benthic community qS a whole a cluster analysis was performed, 
using the combined data for the 1.0 and 0.5 mm sample fractionij 
obtained in 197~ and 1978 (Table D6). Seven major clusters resulted, 
which join together at ~egative levels of similarity (Figure 65). 
Dendrograms depicting each of these clusters appear in Figures 66 
through 70. 
Cluster I (Figure 66) - This cluster consists mostly of shallow 
stations with sandy sediments, located on the upstream side of Hog 
Point (Stations 1, 3, 7, 9, 12, and 13; Figure 6). Sampling runs 
from all seasons are represented. The benthos communities in this 
cluster were characterized by relatively low numbers of species and 
individuals (Figure 71). 
Cluster II (Figure 67) - Both sand and mud sediment stations are 
included in this cluster. Most of the mud stations (stations 2, 4, 5, 
6, 10, and 14) were on the upstream side of Hog Point, and are repre-
sented by April sampling runs during which relatively few species and 
individuals were present (Figure 72). Summer sampling runs for sand 
stations 1, 3, 9, and 12 also ~ppear in this cluster. 
Cluster III (Figure 67) - This cluster consists mainly of 
January and April sampling runs conducted at mud stations 4, 5, 10, 11, 
14, and 16, and at sand stations 12, 13, and 15. Two subclusters are 
evident, one including January sampling runs for stations 11, 12, 13, 
14, and 16, the other consisting mainly of April 1978 sampling runs 
for stations 4, 5, 10, 11, 12, and 15. Stations 4, 5, and 10 were 
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and individuals in April 1978 than most of the shallower •tationa 
on the upstream side of Hog Point (Figure 73). 
Cluster IV (Figure 68) - October sampling runs predominate in 
this cluster, which includes both sand and mud stations. The communi-
ties at these st~tions were characterized by relatively high popu~ 
lation densities of Macoma mitchelli (Table D6 .... c) an·d Nereis succinea 
(Table D6~I) in that month. 
ClU§ter V (Figure 68) • This cluster consists primarily of 
mud stations 8, 11, 14, and 16, and sand station 15, and include& 
sampling runs from throughout the year. The occurrence of plume 
stations 8 and 11 in the same cluster as stations 14, 15, and 16, 
which are on the downstream (intake) side of Hog Point suggests that 
the power plant may have influenced the composition of the benthos 
community in the plume area by contributing organisms transported 
through the canal system, as has been indicated for the plankton 
community. Two species that occurred primarily at the stations in 
this cluster were Mogiolus demissus (Table D6 ... F) and BalanLJs sp. 
(Table D6-W). The zooplankton study revealed that the cooling water 
effluent transported large numbers of barnacle larvae into the discharge 
area during certain months. Moreover dense populations of M. demissus 
adults have been observed in the power plant intake canal (Dennis 
Kreter, personal communication), and these as well as individuals in 
the intake area could have contributed larvae to the area encompassed 
by the plume. 
Cluster VI (Figure 69) - Sunnner sampling runs predominate in this 
cluster. Two main subclusters appear, one including the downstream 
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Benthos Clusters IV and V, 1977-78 
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Figure 69 
Benthos Cluster VI, 1977-78 
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upstream stations. The upstream subcluster is divided further into 
sand and mud station groups. 
Cluster VII (Figure 70) - This cluster also consists primarily 
of summer sampling runs. Upstream and downstream station groups are 
distinguishable, but there are no subclusters based on sediment type. 
Upstream plume station 4 clusters with upstream re~erence stations 
2, 6, and 10, suggesting that its summer community structure was 
relatively unaffected by the power plant. As in cluster V, plume 
station 8 is grouped with downstream reference stations 14, 15, and 
16, suggesting an influence of the power plant at that location. 
The existence of the preoperational benthos data, collected in 
1969-1972, provided the opportunity to determine if the plume station 
clustering patterns obtained for the 1977-78 data were characteristic 
of the invertebrate community in the absence of the power plant dis-
charge. The preoperational data were obtained from 1.0 rnm sieve 
sample fractions, and yielded the clusters appearing in Figures 74 
through 79. 
Cluster I, Subcluster A (Figure 75) - Most of these samples were 
taken in 1972, following Tropical Storm Agnes. The stations repre~ 
sented were located upstream as well as downstream from Hog Point, 
within and outside the area to be encompassed by the plume, and 
included sand and mud substrates. The invertebrate assemblages in 
these samples were low in numbers of species and individuals, and 
were not dominated by any single species. 
Cluster I, Subcluster B (Figure 75) - Half of the samples in 
this cluster were from sand station number 7. Two other sand stations 
were represented, as were mud stations 5 and 10. All of the stations 
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Numbers of species and individuals in 
samples included in Cluster I, 1977-78 
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Figure 72. 
Numbers of species and individuals in mud 
samples included in Cluster II, 1977-78 
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April 1978: Numbers of species and 
individuals at deep and shallow stations 
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Benthos clusters I and II, 1969-72. 
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in this cluster were on the upstre,m side of Hog Point, and the 
samples contained few species and individuals, with no diitinctly 
dominant species. 
Cluster II (Figure 75) - Sand stations 3 and 9 accounted for 
most of the samples included in this cluster. Lepidactylus dytiscus, 
a sand dwelling amphipod, was present in all of these samples, and 
wa$ a clear dominant in most. 
Cluster III 1 Subcluster A (Figure 76) • Most of the samples $ 
were from mud stations sampled in 1971. The stations were all 
located near Hog Point (Figure 6). 
Cluster III 2 Subcluster B (Figure 76) - Sand stations from the 
upstream side of Hog Point were represented in this cluster. 
Leptocheirus plumulosus, an inf~unal amphipod, was numerous in these 
samples. 
Cluster IV (Figure 76) - The few samples included in this cluster 
were characterized by the presence of Macoma species, in conjunction 
with relatively low numbers of Ran~ia cuneata. 
Cluster V (Figure 76) - This cluster consisted mostly of samples 
collected at stations 15 and 16, downstream from Hog point, in 1971 
and 1972. 
Cluster VI (Figure 76) - Samples collected at mud stations in 
fall 1970 accounted for most of this cluster. Both upstream and down-
stream stations were represented, as well as stations within and 
outside the future plume area. The samples in this cluster were 
characterized by the presence of large numbers of Gammarus sp. 
Cluster VII (Figure 77) - Sand stations sampled in 1970-1972 
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STATIO~ SIMILARI Y I I I 
MO. YR. STA. SED.:- 0 0 0 9 9 0 9 0 9 0 0 0 9 
Ref. Plume 0 (,() Q) ....., 0) Ut • ~ f\) 0 
1\) (Jol 
Fall 71 II cs 
Win. 72 II cs 
Spr. 69 .5 cs 
Spr. 69 II C$ 
Spr. 69 2 C$ 
Spr. 69 8 cs 
7 71 II cs 
10 72 .5 cs 
Spr. 70 2 cs 
Spr. 70 B cs 
Avg. 72 5 cs 
Spr. 71 4 cs 
Sum. 71 5 cs 
6 72 9 s 
10 72 16 cs 
Spr. 71 9 s 
Sum. 71 2 cs 
Spr. 71 /3 s 
6 72 12 s 
7 72 /6 cs 
Fall 70 9 s 
7 72 9 s 
6 72 8 cs 
Spr. 71 8 cs 
a 72 16 cs 
6 72 15 s 
8 72 10 cs 
7 72 15 s 
8 72 15 s 
6 72 16 cs 
Win. 71 12 s 
Win. 71 13 s 
Spr. 70 7 s 
St.Jm. 71 12 s lZ1I 
Fall 70 7 s 
sum. 71 13 s 
Win. 72 /3 s 
Fall 70 12 s 
Fall 70 /5 s 
Fall 70 3 ~s 
Fall 70 I s 
Fall 70 6 cs 
Win. 71 15 s 
Figure 77 
Benthos clusters VII - IX, 1969-72. 
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Laeonereis culveri were present. 
Cluster VIII (Figure 77) - Most of the samples in this cluster 
were collected in 1972. Few species were present~ and Gammarus sp. 
was the dominant. 
Cluster IX (Figure 77) - Mud stations upstream from Hog Point 
were represented in this cluster. Few species were present, and the 
samples were dominated by Rangia cuneata and Scolecolepides viridis 
in approximately equal population densities. 
Cluster X (Figure 78) - Most of these samples were obtained in 
the spring of 1970. Scolecolepides viridis was the dominant species. 
Cluster XI (Figure 78) - These samples were mainly from collec-
tions made in the summer of 1972. The invertebrate communities consisted 
principally of Gammarus sp., Rangia cuneata, and Scolecolepides 
viridis. 
Cluster XII (Figure 79) - This cluster consists principally of 
a large number of samples taken at mud stations during the preoper-
ational study. Downstream stations 13 and 14 are intermingled with 
upstream stations, and future plume stations cluster with reference 
stations. The characteristic common to the samples in this cluster 
is the presence of relatively few species, coupled with dominance by 
Rangia cuneata. 
Preoperational clusters I through XII reflected location relative 
to Hog Point, type of bottom sediment, community differences due to 
seasonal or year to year changes or to natural events such as Tropical 
Storm Agnes, and the occurrence or lack of a dominant species. In 
none of these clusters was there a pattern similar to the one seen in 
1977-78 clusters V and VII, in which plume stations 8 and 11 were 
STATION 
SIMILARITY 
I I I 
MO. YR. STA. SED.:- 0 0 9 0 9 0 0 0 0 0 0 o· 0 iD a, 
. 
Ref. Plume 0 ""-..1 0') 01 ~ 
(J.I f\) 0 1\) (J.I 
6 72 4 cs 
7 72 8 cs 
Spr. 71 5 cs 
7 72 13 s 
8 72 8 cs xr 
8 72 13 s 
6 12 5 cs 
6 72 JO cs 1-' Vl 
7 72 5 cs ......... 
Spr. 70 3 s 
Spr. 70 10 cs 
Spr. 70 12 s 
Win. 71 4 cs 
Spr. 71 12 s 
Spr. 70 5 cs 
10 72 13 s 
Spr. 70 I I cs 
Spr. 70 13 s 
Figure 78. 




I I I MO. YR. STA. SED.- 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ref. Plume 0 \o ()) ~ m Ot ~ ~ 1\) 0 1\) ~ 
Spr. 70 4 cs 
6 72 2 cs 
6 72 I s 
8 72 14 cs 
8 72 I s 
8 72 2 cs 
Win. 71 I s 
10 72 4 cs 
10 72 14 cs 
7 72 4 cs 
Spr. 69 6 cs 
Win. 72 8 cs 
10 72 8 cs 
Spr. 69 I s 
Fall 71 I s 
7 72 2 cs 
10 72 2 cs 
Fall 71 /4 cs 
10 72 I s 
Spr. 70 6 cs 
Win. 71 14 cs 
SRr. 70 14 cs 
7 72 6 cs 
Sum. 71 14 cs 
Win. 72 14 cs 
Win. 72 4 cs 
7 72 s 
Spr. 69 4 cs 
Sum. 71 s 
Win. 72 s 
Spr. 71 s 
Fall 71 4 cs 
Fall 71 8 cs 
Win. 71 II cs 
Spr. 69 14 cs 
Win. 71 6 cs 
Spr. 69 3 cs xn 
7 72 7 s 
7 72 12 $ 
Fall 71 6 cs 
Win. 72 6 CS 
Spr. 69 13 cs 
Spr. 71 6 cs 
Sum. 71 6 cs 
6 72 6 cs 
6 72 13 s 
8 72 6 CS 
7 72 14 cs 
8 72 II cs 
Spr. 71 14 cs 
Sum. 71 4 cs 
Win 72 2 cs 
Spr. 71 2 cs 
Fall 71 2 cs 
Figure 79 
Benthos Cluster Xll, 1969-72. 
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grouped with the downstream reference stations. This groupini, which ia 
consistent with species tra.nsport phenomena observed in the plankton 
sections of the study, appears to be the principal expression of the 
influence of the power plant detected during the benthos study. 
Summary 
The benthos section of the Surry Power Station study elucidated 
a number of temporal and ~patial distribution patterns exhibited by 
the invertebrate fauna of the oligohaline James River. Seasonal and 
year to year salinity shifts were influential in inducing changes in 
the species composition of the community, whil~ inherent temporal 
reproductive patterns and sediment preferences largely determined 
what organisms were found at a given location in a given month. In 
the context o£ these natural variables and responses, the effects of 
the power plant's thermal effluent were subtly expressed in the form 
of modifications of the benthic community structure at one or two 
stations immediately downstream from the discharge. As was demon-
strated in the plankton substudies, these apparent modifications were 
due more to the contribution of organisms produced in the cooling 
system canals ortran~orted from the James River in the intake area, 
than to the elimination of individuals or species subjected thermal 
stress. 
Results-Fouling Organisms Study 
Temporal Distributions 
The fouling organisms study was begun in 1971. Figure 80 
shows that the temporal distribution patterns of the barnacle genus 
Balanus, one of the dominant organisms collected on the fouling plates, 
were similar at the three incubation stations. In 1972, the year that 
runoff due to Tropical Storm Agnes produced severe summer salinity 
depressions (Figure 59) barnacles were not present on the plates 
collected after August. In contrast, in 1973 they were on all plates 
collected after April, and conditions were evidently suitable for 
barnacle reproduction throughout the winter of 1973-1974. Water 
temperatures measured at a monitoring station in the York River, a 
neighboring tributary of Chesapeake Bay, indicated that the period 
December 1973 through March 1974 was unusually warm relative to 
comparable time intervals in the preceding twenty years (Jordan et al. 
1975). Since barnacle reproduction is reduced or eliminated at low 
water temperatures (Green 1968), it is probable that elevated winter 
temperatures permitted the uninterrupted barnacle reproduction in 
1973-74. Barnacle reproduction evidently occurred during the winter 
of 1970-71 (Figure 80), which was also relatively mild, according to 
James River temperature records (Figure 81). 
The barnacle population in the study area has been evaluated in 
the plankton and benthos segments of the study, as well as by means 
of fouling plates. Figure 82 shows that temporal distributions of 
barnacle nauplii determined in the monthly plankton sampling program 
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Figure 80. 
Temporal distributions of B9:1.9:1J.:YS sp. population densities 
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Figure 81. Temporal distribution of surface water temperature at 
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station DWS were similar in most of the study years. The largest 
barnacle population densities were observed on the early summer 
fouling plates in 1976. Plates recovered in August, and particularly 
those recovered in October yielded many individuals that apparently 
had died after being covered by sheets of ectoprocts. Competition 
for space can therefore begin to affect the community structure on 
the plates within a two month incubation period. The 1974 naupliar 
distribution shows gaps in the winter, spring, and late fall. However, 
colonization ·of the fouling plates proceeded actively during these 
periods, indicating that barnacle larvae had been present, apparently 
in pulses occurring between the monthly plankton sampling runs. In 
contrast, in 1977 and 1978 nauplii appeared in February plankton 
samples, but no adults were found on the fouling plates recovered in 
February or April. Thus the presence of nauplii at a station did not 
assure that colonization of a substrate would occur simtlltaneously. 
The occurrence of barnacles in the benthos samples depended upon the 
presence of a suitable substrate, such as clam or oyster shells. 
Consequently, the population densities observed in the benthos study 
were much lower than the densities observed in the fouling plate study 
in which a favorable substrate was purposely made available. 
The population density of the fouling amphipod, Corophium lacustre, 
was highest in the summer at all three stations in the eight study 
years (Figure 83). In 1971, 1974, and 1978 this species was present 
on the plates collected in February, while in most of the other years 
it was not observed until June. 
The temporal distributfuo of the total numbers of C. lacustre 
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fouling plate distribution for CBS in Figure 83. The major features 
of the two distribution patterns are similar except for the year 
1972, when this species was absent from the benthos samples during 
the immediate post-Agnes period, but exhibited a typical summer 
abundance peak on the fouling plates. It could have been that the 
fouling plates provided a more protective refuge than did the river 
bottom sediments for the animals during the high runoff period following 
the storm. 
Table 20 shows the temporal occurrence patterns of two species 
groups of colonial fouling organisms, ectoprocts and hydroids. Ecto-
procts were found on the summer fouling plates in all study years 
except 1975. Hydroids were observed on fouling plates from every 
bimonthly set collected after mid summer of 1974. 
Other species that occurred occasionally on the fouling plates 
included bivalves, epibenthic amphipod species, polychaetes, decapods, 
and dipteran larvae (Appendix E). These organisms tended to appear 
subsequent to colonization by barnacles, C. lacustre, ectoprocts, and 
hydroids, and were rarely abundant. 
Spatial Distributions 
Most of the differences in colonization patterns observed among 
the fouling plate stations appeared to be related to the locations of the 
stations relative to the longitudinal salinity gradient in the James 
Rivero In 1972, 1975, and 1978 colonization by barnacles began earliest 
at the downstream-most (highest salinity) station, DWS (Figure 80). 
In 1976 a downstream to upstream seasonal progression was apparent 
in the establishment of ectoprocts (Table 20). The only power plant 
effect that may be inferred from the fouling plate data is the possible 
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enhancement of barnacle attachment at station CBS, relative to 
station CBN, due to larva$ released at the discharge in the springs 
of 1976 and 1978 - a transport phenomenon consistent with the results 









Table 20 Occurrence of Ectoprocts and Hydroids on Bimonthly Fouling Plates 
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The ecological study conducted at the Surry Power Station site 
is one of a set of studies that have been performed at power plants 
located on tidal rivers and estuaries in the United States. In these 
studies the responses of the biological communities have been, to a 
degree, site specific, due to the unique characteristics associated 
with a given plant's location and cooling system design. However, 
inferences from these responses, concerning the impacts of power 
plants on estuarine biota, have tended to be relatively consistent 
from study to study. 
Phytoplankton - In the present study, the primary negative effect 
observed for the phytoplankton community was the selective remov-al, 
from the cooling water, of individuals belonging to certain flagellate 
species during periods when ambient water temperatures exceeded 30°C. 
Consequent reductions in cell numbers and primary productivity at the 
discharge canal mouth were also detected. Other locations at which 
productivity reductions associated with power plant passage have been 
observed include Northport, New York (Williams et al. 1971), Crystal 
River, Florida (Fox and Moyer 1973), and Indian River, Delaware (Brooks 
et al. 1972). At the Crystal River plant productivities returned to 
"intake" levels by the time the cooling water reached the end of the 
discharge canal~ At the Indian River site depressed levels were not 
detectable at a station 0.5 km from the plant. At the site of the 
present study reduced productivities and cell numbers were not observed 
at stations in the plume, removed from the immediate discharge vicinity. 
The only apparent influence of the cooling water discharge on the 
James River phytoplankton community resulted from the transport of a 
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community with a given composition from the intake area to the 
discharge area, where it mixed with a community having a different 
inherent composition. A review of studies performed at 23 power 
plants located on est~aries in the United States (Ecological 
Analysts 1978), including the above sites, concluded that the 
investigations were either unable to detect changes in the phyto-
plankton community attributable to the power plant, or indicated 
that the changes that were observed were limited to the plant's 
mixing zone, and did not constitute an impact on the receiving 
water community. The evaluation of the Surry data is consistent 
with this observation. No adverse impact on the James River phyto-
plankton community has been detected. 
Zooplankton - As for the phytoplankton, the observed effects of 
the Surry Power Station on the James River zooplankton most frequently 
were related to the admixture of organisms transported to the discharge 
area from the intake area. In a lake situation this type of transport 
process produced a consistently observed quantitative chang~ in the 
zooplankton fauna near the discharge (Brauer et al. 1972), as dense 
limnetic populations were mixed with the relatively depauperate 
population of the littoral zone. At the Surry site, however, the 
modifications to the discharge area zooplankton were most variable, 
and were quantitatively detectable mainly when pulse releases of 
meroplankton occurred in the study area. 
Entrainment damage was observed at the Surry site during the 
summer period, detected as up to a 12% mortality of zooplankters 
passing through the condensers. No resulting reduction of river 
populations was observed. Heinle (1969) detected up to 100% 
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mortality of eggs and larvae of Acartia tonsa passing through the 
condensers of the Chalk Point power plant, but reported no alteration 
of the distributions of this species and four other abundant copepods 
in the adjacent. Patuxent River. A review of studies at 23 power plants 
(Ecological Analysts 1978) concluded that no consistently demonstrable 
effects of heated effluents on zooplankton communities have been 
described, and that observed changes in community composition have 
been within the ranges of natural variation. The Surry results have 
been consistent with these findings. 
Bentho~ - The apparent effects of the Surry effluent on the benthos 
community were localized to the plume area downstream from the dis-
charge, and resulted, at least partially, from the contribution of 
meroplankton by the cooling water flowing into the discharge zone. 
A study on the Connecticut River (Merriman 1976) revealed a decrease 
in biomass and alteration of species composition localized to a 
11 ha. area affected by the plume~ These effects were attributed 
to the transport of silt. A review of 26 benthos studies conducted 
at power plants on estuaries (Ecological Analysts 1978) observed that 
effects attributable to thermal discharges have generally been limited 
to the immediate vicinity of the discharge, where heated water can 
contact the bottom. In several cases, effects were jointly attributable 
to heat addition and sediment modification. In these studies, and 
at the Surry site, no quantifiable impact on the benthos community 
beyond the mixing zone has been documented. 
Fouling Organisms - In only two sets of data, obtained in the 
springs of 1976 and 1978, was there the suggestion of a plant effect 
on the colonization of fouling plates incubated near the Surry dis-
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charge. This effect appeared to be related to the release of 
barnacle larvae produced in the canal system. Effects might 
have been detected more frequently if stations had been located 
in the intake and discharge canals. Cory and Nauman (1969) 
observed greater productivity of fouling organisms in the effluent 
channel than in the intake channel of the Chalk Point Plant in all 
months of their study (March-November 1967). Gibbons (1976) reported 
an example of barnacles in a discharge canal experiencing optimum 
growth in winter, when growth under ambient temperature conditions 
ceased. The periodic heavy release of barnacle nauplii from the 
Surry discharge is indirect evidence of high productivity of fouling 
organisms in the canals. The data from fouling plates incubated in 
the river indicated that localized acceleration of colonization 
could occur near the discharge, but there was no suggestion of an 
impact in the river beyond. 
Transition Zone Sites ~ Baird and Watson (1976) discussed the 
environment and biological communities of estuarine transition zones, 
such as the section of the James River adjacent to the Surry Power 
Station. They observed that, since organisms found in this region 
are under stress, due to the variable and consequently physiologically 
marginal environmental conditions, they are not likely to contribute 
significantly to resident populations in more stable habitats upstream 
and downstreatm. Implied in this is the suggestion that an adverse 
impact on a transition zone population would be of little consequence 
to the community of the river-estuary system as a whole. They suggested 
that a potentially significant adverse impact could result if a thermal 
effluent in a transition zone posed a barrier to the movement of 
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anadromous fish between estuarine and freshwater environments. This 
consideration has been examined for the Surry site during the nekton 
studies, conducted by VEPCO personnel, and the ichthyoplankton studies 
conducted by Merriner et al. (1979). 
In addition to the general lack of a vulnerable resident population 
in the transition zone, a further factor that contributes to minimizing 
the biological impact of a power plant is the characteristically high 
suspended solids content of the water, that permits the maintenance of 
clean condenser tubes without the addition of biocides. Thus at the 
Surry site the alterations of the cooling water that are required f•r 
operation are primarily those resulting from power generation - the 
addition of momentum and heat. In view of these considerations and 
of the spatially restricted nature of the biological effects observed 
in the present study, it may be concluded that, from the standpoint 
of a thermal impact on the estuarine community, the Surry Power station 
is in a favorable location. 
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Table Al 
JAMES RIVER HYDROGRAPHIC DATA 1975 
Monthly Phytoplankton and Productivity Sampling Runs 
STATION 
Date Parameter DWS INTAKE HPEl HPE2 HPS HPN HPW2 HPW1 DISCHG.CBE CBC JI 
1/23 TIME(EST) 1044 1105 1119 1133 1150 1202 1213 1224 1235 1248 
Secchi Depth(cm) 43 48 58 33 43 35 40 35 42 30 
Temp. (°C) 5.00 6.00 5.60 5.70 4.65 5. 55 7.75 11.20 5.40 5.30 
Sal.(0 /oo) 2.46 1.88 1.85 1.40 0. 66 0. 73 1.27 2.44 0.31 0.26 
D.O(mg/1) 10.50 10.76 10.74 10.74 10.90 10.76 10.56 10.62 11.53 10.58 
2/27 Time(EDT) 1104 1126 1143 1154 1206 1217 1232 1245 1300 1310 1324 1346 
Secchi Depth(cm) 32 24 23 31 25 46 23 41 27 37 40 26 
Temp(° C) 9.50 9.70 9.80 10.10 11.70 9.00 9. 40 12.10 17.80 12.80 9.90 9.20 
Sal. ( 0 I oo) 0.45 0.68 0.57 0.41 0.53 0.10 0. 20 0.59 0.72 0.50 0.32 0.12 
D.O. (mg/1) 10.45 9.98 9.52 9.98 10.09 10.31 10.09 9.86 9.43 9.78 10.00 10.05 
3/27 Time (EDT) 1010 1029 1043 1055 1109 1121 1133 1144 1155 1204 1214 1226 
Secchi Depth(cm) 12 12 10 12 11 15 10 12 9 14 13 13 
Temp. (o C) 10.25 10.80 11.90 10.90 12.90 10.70 10.80 13.10 19.50 13.80 11.70 11.10 
Sal. ( 0 /oo) 0.11 0.11 0.10 0.10 0.10 0.09 0. 09 0.07 0.07 0.07 0.06 0.14 
D.O.(mg/1) 9.62 10.08 9~62 9.50 9.82 8.91 9. 52. 9.80 9.50 8.85 9.60 9.60 
4/22 Time (EDT) 1045 1101 1121 1133 1149 1200 1215 1228 1242 1252 1302 1316 ~ 
Secchi Depth(cm) 35 24 34 36 26 36 30 29 23 34 31 23 00 0 0 14.90 15.15 15.05 16.65 14.90 15.10 17.30 19.20 17.60 16.10 14.90 Temp.( C) 14.65 
Sal. ( 0 /oo) 1.49 1.88 1.38 1.35 0.98 0.32 0.59 0.99 1.74 0.74 0.75 0.14 
D. 0. (mg/1) 8.96 -. 9.14 9.18 9.18 8.86 9.12 8. 76 8.94 9.06 9.34 9.06 8.46 
5/20 Time (EDT) 1103 1117 1134 1144 1154 1204 1219 1229 1242 1251 1300 1313 
Secchi Depth(cm) 43 34 44 35 39 44 34 39 36 66 47 55 
Temp (°C) 21.75 22.40 23.10 22.00 23.20 22.60 22.50 24.20 28.40 26.00 24.60 22.60 
Sal. ( 0 /oo) 0.68 0.45 0.30 0.22 0.29 0.15 0.19 0.31 0.57 0.22 0.11 0.11 
D. 0. (mg/1) 7.23 7.05 7.44 7.31 7.40 6.95 7. 33 7.58 7.56 8.02 6.61 7.03 
6/16 Time (EDT) 1151 1204 1219 1228 1239 1250 1302 1311 1323 1332 1342 1353 
Secchi Depth(cm) 93 41 74 51 75 78 40 65 44 83 61 48 
Temp. (OC) 25.90 26.30 27.95 26.35 28.30 27.20 26.10 28,70 30.20 27.80 27.60 27.20 
Sal. ( 0 /oo) 3.39 4.10 2.70 2.13 2.40 0.91 0.86 2.84 4.31 1.50 0.65 0.19 
D.O. (mg/1) 7.16 6.41 7.08 7.80 8.45 7.86 7.42 7.88 7.44 8.23 7.44 7.20 
Table Al (cont.) 
JAMES RIVER HYDROGRAPHIC DATA 1975 
Monthly Phytoplankton and Productivity Sampling Runs 
STATION 
Date Parameter DWS INTAKE HPEl HPE2 HPS HPN HPW2 HPWl DISCHG.CBE CBC JI 
7/10 Time(EDT) 1048 1107 1119 1141 1152 1207 1226 1231 1245 1255 1305 1317 
Secchi Depth(cm) 79 40 67 62 36 62 45 65 51 64 69 50 
Temp(°C) 27.45 27.25 28.40 27.75 28.05 28.00 27.75 30.10 32.40 29.60 28.60 27.40 
Sal. ( 0 /oo) 4.81 6.32 4.50 4.42 4.61 2.48 2.85 3.85 6.34 3.20 2.75 1.72 
D.O. (mg/1) 7.22 7.40 7.26 7.38 7.40 8.74 8.76 8.54 7.40 8.44 7.46 7.70 
8/12 Time(EDT) 1026 1035 1045 1102 1111 1123 1135 1145 1154 1206 1215 1228 
Secchi Depth(cm) 64 22 61 43 49 48 40 55 36 52 38 33 
Temp (°C) 27.60 28.10 30.00 28.30 31.65 28.25 28.35 32.20 36.00 29.45 28.30 28.20 
Sal. ( 0 I oo) 4.08 3.63 2.61 2.12 2.74 1.09 0.79 2.91 3.77 0.86 0.51 0.25 
D.O. (mg/1) 7.07 7. 60 6.99 6.67 6.67 6.46 6.56 6.52 6.56 8. 06 6.67 '6.56 
9/8 Time (EDT) 1047 1104 1118 1129 1139 1152 1207 1217 1229 1239 1249 1302 
Secchi Depth(cm) 58 44 60 60 36 54 29 55 32 52 43 41 
Temp(°C) 25.75 26.15 27.85 26.35 26.55 25.40 26.60 29.30 34.55 29.00 26.00 25.95 
Sa1.( 0 /oo) 2.68 3.57 2.27 1.72 1.93 1.15 1.68 2.70 3.60 1. 74 0.49 t-' 
D. 0. (mg/1) 6.69 6.83 6.94 6.83 6.81 6.92 7.04 6.98 6.61 6.67 6.96 6. 75 00 J-l 
10/7 Time (EDT) 1030 1047 1104 1120 1132 1144 1200 1209 1220 1240 1257 1310 
Secchi Depth(cm) 30 22 23 22 24 31 22 38 22 36 25 31 
Temp.(°C) 19.95 19.95 20.85 20.20 21.35 20.15 20.35 22.00 26.20 21.70 20.80 20.25 
Sal. (0 /oo) 0.14 0.16 0.11 0.10 0.11 0.08 0.08 0.11 0.16 0.10 0.10 0.07 
D.O. (mg/1) 7.58 7.42 7.64 7.24 7.64 7.16 7.26 8.44 7.44 7.28 7.12 6.97 
11/5 Time (EST) 0900 0914 0927 0936 0948 0958 1011 1022 1032 1039 1050 1103 
Secchi Depth(cm) 39 32 38 31 25 50 29 51 34 72 39 36 
Temp. (oC) 16.20 15.95 17.45 16.30 17.10 15.80 17.00 18.35 22.20 16.00 15.90 15.95 
Sal. ( 0 /oo) 1.30 2.10 1.11 0.78 1.01 0.33 0.70 1.14 1.89 0.18 0.19 0.16 
D.O. (mg/1) 8.40 8.87 8.83 8.81 9.09 8.40 8.91 7.80 8.99 8.99 9.60 8.99 
12/2 Time (EST) 0905 0919 0933 0943 0954 1005 1019 1030 1044 1054 1105 1118 
Secchi Depth(cm) 54 44 42 44 31 38 34 56 40 40 45 43 
Temp. (OC) 10.55 10.20 10.70 10.80 10.80 10.75 10.70 11.20 14.80 12.50 10.85 11.20 
Sal. ( 0 /oo) 3.96 3.29 2.81 3.47 2.22 1.71 2.01 1.90 3.18 1.80 1.73 1.24 
D.O. (mg/1) 10.00 10.12 9.80 9.60 9.94 10.12 10.40 10.06 9.80 10.20 10.20 10.20 
Table A2 
James River Hydrographic Data 1975 
Monthly Zooplankton Sampling Runs 
Station 
Date Parameter DWS INTAKE HPEl HPE2 HPS HPN HPW2 HPWl DISCHG.CBE CBC JI 
Jano 30 Time (EST) 1205 1247 1313 1340 1407 1455 1435 1515 1535 1600 
Secchi Depth(cm) 23 27 19 22 22 24 25 16 24 24 
Sample Depth(m) 0 0 0 0 0 0 0 0 0 0 
Temp(°C) 8.80 9.65 7.70 10.15 8.30 8.00 9.40 14.55 12.20 9.10 
Sal.( 0 /oo) 0.82 0.61 0.43 0.57 0.14 0.36 0.27 0.76 0.48 0.33 
D. 0. (mg/1) 10.41 10.14 10.59 10.10 10.30 10.43 10.22 10.43 10.02 10.57 
Sample Depth(m) 1 2.5 1.5 2 1 1.5 1.5 1 1 1.5 
Temp.(°C) 8.80 8.70 7.65 9.85 8.20 8.00 9.15 14.51 11.95 8.81 
Sal. (0 /oo) 0.83 0.57 0.47 0.58 0.14 0.36 0.26 0.77 0.50 0.32 
D.O.(mg/1) 10.41 10.41 10.57 9.94 10.59 10.55 10.89 10.32 10.55 10.51 
Sample Depth(m) 3 5 3 4 2 3 2 3 
Temp. (°C) 8.80 8.30 7.65 9.95 8.15 8.00 14.42 8.65 t-1 
Sal. (0 /oo) 0.84 0.55 0.44 0.56 0.14 0.37 0.77 0.32 (X) N 
D.O. (mg/1) 10.59 10.22 10.40 10.26 10.41 10.34 10.49 10.53 
Feb. 14 Time(EST) 1010 1035 1105 1125 1150 1230 1315 1300 1340 1400 1420 1445 
Secchi Depth(cm) 39 32 32 31 36 40 28 42 32 38 32 32 
Sample Depth(m) 0 0 0 0 0 0 0 0 0 0 0 0 
Temp.(°C) 5.80 6.80 7.20 6.80 8.00 5.65 7.80 9.25 15.0 11.40 5.80 5.90 
Sal. (0 /oo) 0.36 0.57 0.28 0.26 0.46 0.11 0.39 0.55 0.76 0.41 0.08 0.08 
D. 0. (mg/1) 10.89 10.61 10.79 10.73 10.43 10.69 10.59 10.45 10.43 10.60 10.66 10.48 
Sample Depth(m) 2 1.5 2.5 1.5 2.5 1.5 1.5 1 1.5 1 1.5 4 
0 5.50 6.60 8.00 6.70 8.00 5.55 7.70 8.90 14.80 9.70 5.65 5.80 Temp( C) 
Sal. (0 /oo) 0.54 0.55 0.44 0.26 0.46 0.11 0.38 0.57 0.75 0.34 0.08 0.08 
D. 0. (mg/1) 10.61 10.63 10.79 10.65 10.83 10.77 10.63 10.59 10.57 10.76 10.76 10.36 
Sample Depth(m) 3 5 3 5 3 3 3 3 8 
Temp. (°C) 6.60 7.70 6.60 8.20 5.60 7.40 14.40 5.75 5.80 
Sal. (0 I oo) 0.54 0.43 0.24 0.46 0.11 0.35 0.75 0.08 0.08 
D.O.(mg/1) 10.79 10.69 10.77 10.65 10.83 10.57 10.67 10.56 10.46 
Date Parameter DWS 
Har. 21 Time(EDT) 1045 
Secchi Depth(cm) 32 
Sample Depth(m) 0 
Temp(°C) 9.10 
Sal.(0 /oo) 0.08 
D. 0. (mg/ 1) 10.00 
Sample Depth(m) 1 
Temp. (°C) 9.00 
Sal.(0 /oo) 0.09 
D. 0. (mg/1) 10.00 
Sample Depth(m) 2 
Temp.(°C) 9.15 
Sal.( 0 /oo) 0.08 
D.O. (mg/1) 9.80 
Apr. 17 Time(EDT) 1046 
Secchi Depth(cm) 50 
Sample Depth(m) 0 
Temp. (°C) 11.10 
Sal.( 0 /oo) 2.85 
D .. O.(mg/1) 9.70 
Sample Depth(m) 1 
Temp(°C) 11.20 
Sal.( 0 /oo) 2.89 
D.O. (mg/1) 9.80 
Sample Depth(m) 2 
Temp. (°C) 11.40 
Sal. ( 0 /oo) 2.98 
D. 0. (mg/1) 10.00 
Table A2 (cont.) 
James River Hydrographic Data 1975 
Monthly Zooplankton Sampling Runs (continued) 
Station 
INTAKE HPEl HPE2 HPS HPN HPW2 HPWl DISCHG.CBE CBC JI 
1115 1139 1200 1245 1308 1347 1330 1600 1540 1520 1500 
20 22 16 23 31 20 24 21 27 17 18 
0 0 0 0 0 0 0 
11.30 10.70 9.00 13.0 10.80 8.65 14.0 
0.15 0.09 0.07 0.11 0.07 0.06 0.12 
9.68 9.80 10.28 9.94 9.60 10.24 9.60 
0 0 0 0 
20.20 15.80 8.80 9.10 
0.11 0.08 0.05 0.06 
9.70 10.00 10.30 10.22 
3.5 2.5 2 2.5 2 1.5 1 1.5 .5 1.5 3.5 
11.20 10.35 9.00 12.60 10.40 8.75 14.05 20.15 12.00 8.80 .8.85 
0.13 0.08 0.07 0.11 0.08 0.06 0.12 0.10 0.10 0.05 
9.60 10.10 10.16 9.70 9.52 10.08 9.90 9.48 10.00 10.20 
7 5 4 5 4 3 
10.80 10.40 9.15 12.80 9.45 8.80 
0.12 0.09 0.07 0.11 0.10 0.06 
9.76 10.00 10.18 9.70 10.22 10.12 
1123 1154 1253 1321 1349 1418 
30 25 25 28 26 25 
0 0 0 0 0 0 
11.95 12.15 11.85 13.35 11.95 12.60 
2.23 1.06 0.86 1.11 0.61 0.49 
9.80 9.90 10.00 9.80 9.90 10.00 
4 2.5 2 2.5 1 1.75 
12.00 12.15 11.70 13.00 11.85 12.40 
2.32 1.07 0.90 1.10 0.61 0.50 
9.70 9.90 9.90 10.00 10.00 9.80 
8 5 4 5 2 3.5 
12.10 12.35 11.90 13.05 11.50 12.20 
2.46 1.09 0.92 1.10 0.65 0.50 
































21.40 13.90 12.60 11.85 
2. 72 0.59 0.48 0.19 
9.80 9. 50 9.80 9.80 
1.25 .5 2 4 
21.40 13.40 12.45 11.70 
2.72 0.55 0.47 0.19 
9.80 9.90 9.80 9.80 
2.5 1 4 8 
21.40 13.25 12.40 11.70 
2.71 0.53 0.46 0.19 
9.70 9.70 10.00 9.90 
Table A2 (cont.) 
James River Hydrographic Data 1975 
Honthly Zooplankton Sampling Runs (cont.) 
Station 
Date Parameter DWS Intake HPEl HPE2 HPS HPN HPW2 HPWl Dischg. CBE CBC JI 
May 15 Time (EDT) 0809 0900 1010 1117 1321 1209 1438 1516 1548 1600 1631 1656 
Secchi Depth (em) 39 27 41 41 22 55 33 44 39 45 48 41 
Sample Depth (m) 0 0 0 0 0 0 0 0.5 0 0.5 0 0 
Temp. (oc) 20.15 20.20 22.10 20.95 21.20 21.40 21.35 24.10 25.0 23.20 21.80 21.40 
Sal. ( 0 /oo) 0.56 0.49 0.36 0.24 0.28 0.12 0.24 0.40 0.39 0.25 0.28 0.13 
D.O. (mg/1) 8.16 8.42 8.28 8.24 8.28 8.06 7.98 9.03 8. 97 8.93 8.54 8.38 
Sample Depth (m) 1 1 2 1.4 2.5 2 2 2 1.25 4.25 
Temp. (OC) 20.15 20.15 21.40 20.95 21.30 21.20 21.40 24.10 21.85 21.35 
Sal. ( 0 /oo) 0.56 0.50 0.31 0.24 0.29 0.12 0.24 0.27 0.24 0.14 
D.O. (mg/1) 8.14 8.52 8.44 8.64 8.44 8.16 8.02 9.73 8.16 8.50 
Sample Depth (m) 2 4 2.75 5 4 2.5 8 
Temp (°C) 20.20 21.40 20.90 21.40 21.55 21.95 21.30 1-' 00 0 0.56 0.31 0.24 0.29 0.24 0.24 +' Sal. ( /oo) 0.17 
D.O. (mg/1) 8.06 8.73 8.02 8.26 8.73 8.02 8.42 
June 18 Time (EDT) 1008 1031 1054 1113 1200 1142 1254 1318 1342 1359 1428 1500 
Secchi Depth (em) 90 40 84 80 49 56 31 56 47 65 56 43 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 0 0 
Temp. (oC) 26.80 27.20 29.60 28.25 29.15 28.40 27.70 31.20 34.80 29.80 28.1 28.50 
Sal. ( 0 /oo) 3.72 3.62 2.66 2.49 2.54 1.71 1.32 2.70 3.60 1.22 0.62 0.23 
D.O. (mg/1) 7.24 6.49 7.52 7.32 7.20 6.94 6.94 7.40 6.61 8.71 7.24 8.23 
Sample Depth (m) 2 1 2.5 1.5 1.5 1.5 1.5 1 2 1 1.5 4 
Temp. (oC) 26.75 27.20 27.40 27.0 29.15 26.60 27.70 31.20 34.80 29.80 27.40 27.25 
Sal. ( 0 /oo) 4.00 3.64 3.05 2.63 2.54 1.76 1.32 2.71 3.60 1.21 0.66 0.36 
D.O. (mg/1) 6.90 6.74 7.42 7.34 6.98 6.74 7.22 6.74 6.92 8.59 7.08 7.14 
Sample Depth (m) 4.75 3 3.5 3 3 2 3 8 
Temp. (OC) 26.90 26.80 29.05 26.80 27.80 29.95 27.45 26.80 
Sal. ( 0 /oo) 3.26 2.95 2.54 1. 78 1.32 1.22 0.71 0.39 
D.O. (mg/1) 7.34 7.08 7.22 6.84 7.28 8.83 7.54 7.06 
Table A2 (cont.) 
James River Hydrographic Data 1975 
Monthly Zooplankton Sampling Runs (cont.) 
Station 
Date Parameter DWS Intake HPEl HPE2 HPS HPN HPW2 HPWl Dischg. CBE CBC JI 
July 17 Time (EDT) 0828 0953 1115 1229 1350 1310 1424 1500 1544 1616 1655 1730 
Secchi Depth (em) 51 34 40 33 37 62 38 48 35 48 50 54 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 0 0 
Temp. ~C) 26.35 27.35 27.35 26.95 30.15 28.00 26.60 31.00 36.40 30.15 26.60 26.50 
Sal. ~/oo) 0.56 1.02 0.53 0.27 0.63 0.47 0.10 0.72 1.03 0.56 0.10 0.09 
D.O. (mg/1) 7.07 7. 56 6.32 5.94 7.11 6.52 5.82 6. 32 6.39 6.86 5.48 5.21 
Sample Depth (m) 1 3.5 2.5 1. 75 2 .6 1.5 .5 1 .5 1.5 4 
Temp. (>C) 26.30 27.25 27.45 27.00 30.00 27.15 26.75 31.05 36.20 29.85 26.55 26.40 J--1 
Sal. f /oo) 0.57 1.01 0.54 0.26 0.61 0.46 0.10 0.73 1.06 0.56 0.10 0.08 (X) LT1 
D.O. (mg/1) 6.95 6. 73 6.44 5.65 6.85 6.12 4.72 6.71 6.41 8.46 5.50 5.47 
Sample Depth (m) 2 7 5 3.5 4 1.25 3 1 2 1 3 8 
Temp. (oC) 26.25 27.15 27.60 27.15 30.00 27.25 27.20 30.95 36.45 29.60 26.45 26.20 
Sal. ( 0 /oo) 0.80 0.97 0.57 0.27 0.60 0.44 0.10 0.72 1.05 0.54 0.10 0.08 
D.O. (mg/1) 6.97 7.38 6.42 5.55 6.65 6.22 5.00 6.81 7.01 8.34 4.60 4.96 
Table A2 (cont.) 
James River Hydrographic Data 1975 
Monthly Zooplankton Sampling Runs (cont.) 
Station 
Date Parameter HPN DWS Intake HPEl HPE2 JI CBC CBE Dischg. CBSl CBS2 CBS3 
Aug. 21 Time (EDT) 1147 1218 1241 1304 1321 1350 1412 1432 1451 1511 1527 1543 
Secchi Depth (em) 59 93 54 57 88 56 57 62 64 62 72 50 
Sample Depth {m) 0 0 0 0 0 0 0 0 0 0 0 0 
Temp. (OC) 29.95 29.95 29.70 30.20 29.70 29.90 31.00 32.35 37.70 34.00 32.45 31.40 
Sal. ( 0 /oo) 2.42 4.92 5.43 4. 89 5.33 1.14 2.23 2.43 5.43 4.13 2.63 2.58 
D.O. (mg/1) 7.58 7.56 7.62 7.66 6.91 6.85 7.28 7.58 6.89 6.65 7.64 8.20 
Sample Depth (m) 1 1.25 2 2.5 2 3.75 3.5 2 2.5 1.5 2 1.75 
Temp. (OC) 29.80 29.40 29.60 29.20 29.20 29.80 30.40 32.20 38.10 33.40 32.05 30.40 
Sal. ( 0 /oo) 2.45 5.46 5.40 5.60 5.87 2.25 3.17 2.85 5.42 4.01 3.30 2.77 
D.O. (mg/1) 7.24 7.04 7.68 6.77 6.15 6.53 7.04 6.27 6.63 6.69 7.10 7.74 
t-' 
Sample Depth (m) 2 2.5 4 5 4 7.5 3 4 3.5 00 0'\ 
Temp. (oC) 29.80 29.10 29.70 29.25 29.20 30.05 31.60 30.60 30.05 
Sal. ( 0 /oo) 2.53 5.99 5.42 5.68 6.66 2.59 3.76 3.45 3.00 
D.O. (mg/1) 6.79 6.13 7.36 6.63 6.33 6.63 6.67 6.67 7.44 
Table A2 (cont.) 
Station 
Date Parameter HPW2 HPWLS HPWl BPS HPM J28 
Aug. 21 Time (EDT) 1602 1620 1637 1653 1710 1726 
Sec chi Depth (em) 45 75 55 45 so 43 
Sample Depth (m) 0 0 0 0 0 0 
Temp. & °C) 30.05 31.90 32.55 32.20 31.25 30.30 
Sal. ( /oo) 2.80 2.77 3.77 3.77 3.22 2.79 
D.O. (mg/1) 7.36 8.24 7.12 6.23 7.24 7.18 
Sample Depth (m) 1.5 2 1 2.25 2.75 3.5 
Temp. ('C) 30.80 30.65 31.95 32.35 30.95 30.10 
Sal. ( 0 I oo} 2.81 2.86 3.65 3.80 3.21 2.86 
D.O. (mg/1) 7.64 7.60 6.87 7.44 7.16 7.82 
Sample Depth (m) 3 4 4.5 s.s 7 ~ 
Temp. \°C) 30.05 30.40 32.35 30.85 30.50 (X) 
-........! 
Sal. (( /oo) 2.83 3.00 3.80 3.22 2.94 
D.O. (mg/1) 7.12 7.44 7.14 7.16 7.58 
Table A2 (cont.) 
James River Hydrographic Data 1975 
Monthly Zooplankton Sampling Runs 
Station 
Date Parameter DWS Intake HPEl HPE2 HPS HPN HPW2 HPWl Dischg. CBE CBC JI 
Sep. 26 Time (EDT) 1048 1115 1307 1247 1320 1347 1420 1447 1512 1535 1555 1630 
Secchi Depth (em) 60 54 65 58 47 54 47 64 40 66 55 57 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 0 0 
Temp (OC) 24.60 25.20 25.90 25.10 25.20 25.05 25.20 26.00 30.40 25.00 23.7 25.00 
Sal. ( 0 /oo) 1.18 1.74 0.90 0.52 0.72 0.57 0.71 0.87 1.69 0.45 0.10 0.09 
D.O. (mg/1) 7.73 7.42 7.67 7.69 7.38 7.65 7.38 7.49 7.45 7.98 6.59 6.00 
Sample Depth (m) 1.25 4.5 2.5 2.25 2 1 2 0.75 1.25 1 2 3.75 
Temp (OC) 24.45 25.20 25.15 24.40 25.05 24.40 25.20 26.00 30.20 24.60 23.70 24.85 
Sal. ( 0 /oo) 1.19 1.74 0.90 0.55 0.68 0.58 0.71 0.88 1.67 0.42 0.10 0.09 
D.O. (mg/1) 7.83 7.73 7.45 7.61 7.32 7.63 7.49 7.34 7.73 7.87 6.43 5.80 
Sample Depth (m) 2.5 9.25 5 4.5 4 2 4 1.5 2.5 4 7.50 ....... 
Temp (°C) 24.35 25.20 25.00 24.30 25.00 25.40 25.05 26.10 30.30 23.70 25.0 00 00 
Sal. ( 0 /oo) 1.20 1.73 0.87 0.58 0.66 0.60 0.67 0.89 1.68 0.12 0.10 
D.O. (mg/1) 7.57 7.65 7.53 7.63 7.59 7.53 7.36 7.59 7.59 6.57 5.78 
Nov. 3 Time (EST) 0820 0915 1011 1101 1153 1230 1400 1437 1540 1617 1657 1743 
Secchi Depth (em) 37 31 31 39 36 58 37 53 37 57 36 36 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 0 0 
Temp {OC) 15.60 16.10 16.15 16.25 16.80 16.35 16.45 19.80 22.45 15.60 16.20 15.70 
Sal. (0 /oo) 1.18 1.90 1.88 2.61 1.93 0.56 1.17 1.42 2.58 0.28 0.36 0.16 
D.O. (mg/1) 7.87 8.34 8.01 8.21 8.36 8.36 8.19 8.56 7.97 8.78 8.40 8.36 
Sample Depth (m) 1.25 4.5 2 2.5 2.5 0. 75 1.5 0.5 1 1 1.5 3. 75 
Temp (°C) 15.80 15.95 16.15 16.15 16.50 16.15 16.40 18.45 22.45 15.60 16.20 15.70 
Sal. (0 /oo) 1.69 2.07 1.90 2.61 1.93 0.55 1.18 1.21 2.61 0.31 0.36 0.16 
D.O. (mg/1) 7.87 8.07 7.93 8.13 8.19 8.34 8.27 8.48 8.27 8.56 8.17 8.36 
Sample Depth (m) 2.5 9 4 5 5 1.5 3 1 2 2 3 7.5 
Temp (°C) 15.90 15.75 16.25 16.30 16.65 16.00 16.55 18.50 22.50 15.80 16.25 15.65 
0 2.61 1.90 o. 56 1.19 1.25 2.64 o. 32 0.36 0.17 Sal. ( /oo) 2.04 2.22 1.92 
D.O. (mg/1) 7. 97 8.42 8.07 8.27 8.13 8. 56 8.60 8.76 8.54 8.97 8.27 8.46 
Table A2 (cont.) 
James River Hydrographic Data 1975 
Monthly Zooplankton Sampling Runs 
Date Parameter DWS Intake HPEl HPE2 HPS HPN HPW2 HPWl Dischg. CBE CBC JI 
Nov. 18 Time (EST) 1030 1100 1125 1200 1209 1226 1320 1342 1411 1433 1449 1513 
Secchi Depth (em) 76 62 64 81 74 72 62 65 51 86 60 54 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 0 0 
Temp (°C) 13.40 13.65 14.05 14.05 14.85 13.40 14.40 15.05 19.60 14.85 16.20 13.25 
Sal. ( 0 /oo) 2.70 3.17 2.67 3.47 1.60 0.70 1.20 1.20 3.21 0.63 0.87 0.11 
D.O. (mg/1) 8.74 8.72 8.92 8.58 9.17 9.45 8.99 9.58 8.95 9.32 9.60 9.14 
Sample Depth (m) 1. 25 1.75 2.25 2.5 2.5 0.75 1.5 0.5 1 0.5 1.5 3.5 
Temp. (°C) 13.25 13.55 13.55 13.55 13.60 13.15 13.50 15.15 19.60 14.45 14.30 13.05 
Sal. ( 0 /oo) 2.72 3.18 3.22 4.23 2.67 0. 72 1.38 1.19 3.22 0.68 0.87 0.18 
D. 0. (mg/1) 8.78 8.97 8.46 8.95 8.66 9.15 9.31 9.54 8.65 9.34 9.07 8.85 
J--1 
Sample Depth (m) 2.5 3.5 4.5 5 4.75 1.5 3.0 1 2 3 7.0 00 \.0 
Temp (°C) 13.40 13.60 13.80 13.60 13.65 15.00 13.60 15.25 19.55 14.20 13.05 
Sal. ( 0 /oo) 2. 85 3.16 3.99 4.28 2.87 0. 76 1.47 1.18 3.21 0.85 0.24 
D. 0. (mg/1) 8.70 8.74 8.58 8.95 8.86 9. 29 9.25 8.93 8.60 9.20 9.22 
Dec. 29 Time (EST) 1056 1119 1143 1204 1224 1245 1334 1400 1423 1444 1500 1515 
Secchi Depth (em) 60 65 53 62 53 61 42 52 53 50 29 29 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 0 0 
Temp (° C) 4.85 5.15 5.90 5. 80 6.80 5. 35 5.50 7.20 13.60 5.90 5.00 4.60 
Sal. (0 /oo) 3.81 3.88 3.24 2.73 2.34 1. 40 1.54 2.22 3.70 1.24 0.64 0.40 
D.O. (mg/1) 11.48 11.88 11.60 11.36 11.32 11.82 11.42 12.24 11.10 11.56 11. 2'6 11.40 
Sample Depth (m) 1 0. 75 1.5 2 2 1.5 1.5 1 1 1 1.5 3 
Temp (°C) 4.90 5. 20 5.60 5.40 6.80 5.10 5.60 7.30 13.50 5.90 5.05 4.70 
Sal. (O /oo) 3.81 3.90 3.56 3.48 2.33 1.38 1.56 2. 20 3.70 1.25 0.65 0.42 
D.O. (mg/1) 11.70 11.32 11.58 11.20 11.38 11.86 11.76 11.58 11.08 11.28 11.42 11.88 
Sample Depth (m) 2 1.5 3 4 4 3 2 2 3 6 
Temp ~C) 5.00 5.20 5.50 5.50 6.60 5.60 13.40 6.00 5.10 4.70 
Sal. ( 0 /oo) 3.83 3.92 3.73 3.76 2.38 1.56 3.69 1.33 0.68 0.43 
D.O. (mg/1) 11.32 11.56 12.00 11.56 11.72 11.86 11.32 11.50 11.56 12.00 
Table A3 
James River Hydrographic Data 1975 
Benthos Sampling Runs 
Date Station 6 12 14 16 15 13 11 9 
Feb. 20 Time (EST) 1015 1045 1100 1115 1133 1150 1155 1225 
Seeehi Depth {em) 54 34 50 54 35 54 42 45 
Sample Depth (m) 0 0 0 0 0.5 0.5 0 0.5 
Temp. (°C) 7.20 7.60 7.60 7.40 9.35 10.15 10.80 11.55 
Sal. ( 0 /oo) 0.10 0.14 0.22 0.61 0.28 
D.O. (mg/1) 9.60 9.33 9.68 10.08 10.15 9.90 10.14 9. 74 
Sample Depth (m) 1 5 2 4 
Temp. (°C) 7.15 7. 20 7.00 10.75 
Sal. ( 0 /oo) 0.13 1.01 1.46 
D.O. (mg/1) 9.86 9.86 9.84 9.68 
Station 10 5 8 4 7 3 2 1 1-' \0 
0 
Time (EST) 1235 1240 1247 1305 1315 1320 1330 1345 
Seeehi Depth (em) 35 43 51 39 38 51 52 59 
Sample Depth (m) 0 0 0 0 0.5 0.5 0 0 
Temp. (°C) 6.70 6.45 7.95 9.60 10.80 7.60 7.10 7.60 
Sal. ( 0 /oo) 0.10 0.08 0.14 0.26 0.20 0.09 0.08 0.10 
D.O. {mg/1) 11.22 10.15 10.14 9.98 10.21 10.33 10.23 10.15 
Sample Depth (m) 4 3 4 3 2 1 
0 6.80 6.40 7.80 9.60 6.85 7.30 Temp. ( C) 
Sal. ( 0 /oo) 0.10 0.08 0.15 0.21 0.08 0.09 
D.O. {mg/1) 10.00 10.04 9.98 9.90 10.37 10.14 
Table A3 (cont.) 
James River Hydrographic Data 1975 
Benthos Sampling Runs 
Date Station 6 12 14 16 15 13 11 10 
Apr. 25 Time (EDT) 1055 1105 1118 1130 1144 1155 1205 •1224 
Secchi Depth (em) 23 26 23 26 23 26 24 21 
Sample Depth (m) 1 0.5 0 0 1 0 0 0 
Temp (OC) 17.10 17.55 16.80 19.20 17.10 18.80 18.40 18.05 
Sal. ( 0 /oo) 0.24 0.33 0.67 0.94 1.63 1.52 1.02 
D.O. (mg/1) 8.62 8.40 8.76 8.92 8.80 8.68 8.86 
Sample Depth (m) 5.5 2 0.5 5 3.5 
Temp (o C) 16.55 16.65 18.40 17.50 17.65 
Sal f /oo) 0.68 1.01 1. 94 1.56 0.98 
D.O. (mg/1) 8.78 8. 72 9. 89 9.16 9.16 
t--' 
Station 5 9 8 7 4 3 2 1 \0 t--' 
Time (EDT) 1230 1240 1249 1255 1300 1307 1316 1325 
Secchi Depth (em) 23 33 25 24 27 45 41 41 
Sample Depth (m) 0 0 0 . 5 0 0 0 0 
Temp (°C) 17.60 21.85 19.40 20.10 19.45 19.55 18.60 18.60 
Sal. ( 0 /oo) 0.94 1.16 0.67 1.11 0.71 0.21 0.21 0.16 
D.O. (mg/1) 9.32 8.98 9.10 8.86 8.78 9.14 8.90 9.30 
Sample Depth (m) 3 1 4 2 2 2 1 
Temp (°C) 17.60 19.55 18.25 19.40 17.75 18.40 18.60 
Sal. (O /oo) 0.93 1.25 0.94 0.72 0. 20 0.20 0.17 
D.O. (mg/ 1) 8.80 8.72 9. 32 8.98 9.00 9. 36 9.06 
Table A3 (cont.) 
James River Hydrographic Data 1975 
Benthos Sampling Runs 
Date Station 6 12 14 16 15 13 11 10 
June 13 Time (EDT) 1025 1047 1100 1112 1133 1147 1156 1206 
Secchi Depth (em) 45 45 49 53 43 51 55 47 
Sample Depth (m) 0 .5 0 0 0 0 0 0 
Temp. (OC) 24.10 23.60 24.20 24.05 25.45 25.25 25.40 25.60 
Sal. ( 0 /oo) 0.64 0.72 1.94 3.53 3.53 3.17 1.91 0.62 
D.O. (mg/1) 7.14 7.68 7.34 7.40 8.33 7.96 7.32 
Sample Depth (m) 1 5.5 2 1 .5 4.5 4 
Temp. (OC) 24.25 23.80 23.80 24.45 25.25 25.10 24.20 
Sal. ( 0 /oo) 0.84 2.36 3.74 3.66 3.16 2.62 1.02 
D.O. (mg/1) 7.40 7.44 7.42 8.06 7.90 7.40 7.34 
t-' 
Station 5 9 8 4 7 3 2 1 "" N 
Time (EDT) 1230 1241 1250 1312 1320 1332 1346 1355 
Secchi Depth (em) 44 53 43 43 52 60 47 61 
Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp. (°C) 24.70 25.50 25.10 27.55 26.90 27.65 26.00 27.60 
Sal. ( 0 /oo) 0.57 2.37 0.56 0.54 0.85 0.80 0.56 0.47 
D.O. (mg/1) 7.82 8.00 7.44 7.84 8.13 7.74 7.04 7.44 
Sample Depth (m) 3.25 1 4 3.25 .5 1 3 1.5 
Temp. ~°C) 24.30 25.50 25.80 27.00 26.45 26.60 24.40 25.70 
Sal. ( I oo) 0,.58 2.35 2.69 2.78 0.96 1.05 0.96 0.47 
D.O. (mg/1) 7.64 8.07 7.68 8.19 8.17 7.88 7.10 7.24 
Table A3 (cont.) 
James River Hydrographic Data 1975 
Benthos Sampling Runs 
Date Station 6 12 14 16 15 13 11 10 
July 9 Time (EDT) 1026 1042 1058 1111 1126 1138 1148 1156 
Secchi Depth (em) 69 68 84 76 47 55 44 57 
Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp. ( OC) 27.10 27.05 27.50 26.90 27.20 27.40 27.45 27.75 
Sal. ( 0 loo) 2.28 2. 70 4.15 5.91 5.92 5.53 4.77 4.53 
D.O. (mgl1) 6.77 7.56 8.56 6.69 6.73 7.28 6.91 7.40 
Sample Depth (m) 2 6 2.5 1 1 5.5 5 
Temp. ( OC) 26.95 26.65 26.60 27.20 27.30 27.00 27.20 
Sal. ( 0 I oo) 2.32 4. 70 6.18 5.99 5.75 4.71 4.41 
D.O. (mgll) 7.16 8.00 6.65 7.54 7.18 7.34 6.75 
Station 5 9 8 4 7 3 2 1 t-' 
Time (EDT) 1203 1231 1240 1251 1258 1307 1314 1322 \.0 
Secchi Depth (em) 58 68 56 74 64 79 77 91 w 
Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp. (OC) 27.50 28.70 28.20 28.25 28.30 28.60 28.10 27.85 
Sal. co I oo) 3.28 3.27 3.93 3.20 2.40 2.12 2.18 2.35 
D. 0. (mgll) 7.62 8.74 7.44 7.38 8.26 9.31 9.75 8.26 
Sample Depth (m) 3.5 1 4.5 3 1 1 2.5 1.5 
Temp. (oC) 27.10 28.70 27.80 27.75 28.20 28.50 27.25 27.60 
Sal. ( 0 loo) 4.01 3.29 4.16 3.21 2.42 2.12 2.47 2.31 
D.O. (mgll) 7.06 9.04 7.26 8.14 9.18 7.54 8.54 
Table A3 (cont.) 
James River Hydrographic Data 1975 
Benthos Sampling Run 
Date Station 6 12 14 16 15 13 11 10 
Aug. 7 Time (EDT) 1130 1150 1207 1218 1230 1244 1250 1259 
Secchi Depth (em) 43 60 81 80 50 41 48 51 
Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp. ( 08) 28.85 28.15 28.10 27.85 27.65 27.45 28.35 28.65 
Sal. ( 0 /oo) 1.23 2.31 5.06 4.67 5.46 3.61 4.35 3.21 
D.O. (mg/1) 5.87 6.31 6.53 6.43 6.77 7.04 6.57 6.87 
Sample Depth (m) 2 0.75 6 2.5 1 1 5 5 
Temp. (OC) 28.60 27.85 28.15 27.45 27.30 27.25 28.35 28.35 
Sal. (0 /oo) 1.20 2.34 5.78 4. 72 5.58 3.63 4.82 3.97 
D.O. (mg/1) 6.17 5.91 6.31 6.47 6.47 6.67 6.35 6.25 
Station 5 9 8 4 7 3 2 1 t-' 
\0 
Time (EDT) 1306 1312 1318 1357 1404 1411 1420 1428 ~ 
Secchi Depth (em) 44 57 56 54 54 53 53 54 
Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp. (OC) 28.55 29.35 29.55 29.15 30.35 27.00 28.20 27.70 
Sal. ( 0 /oo) 3.25 2.33 2.93 2.93 2.29 1.07 0.76 0.77 
D.O. (mg/1) 6.01 6.25 6.67 6.43 5.99 7.16 6.47 6.79 
Sample Depth (m) 3.5 1 4.5 3.5 1 1 1 1 
Temp. (oC) 28.40 29.15 29.15 28.75 30.10 26.70 27.90 27.45 
Sal. ( 0 /oo) 3.32 2.37 3.13 3.19 2.26 1.08 0.87 0.77 
D.O. (mg/1) 6.15 6.57 6.15 6.05 6.47 6.95 6.37 6.96 
Table A3 (cont.) 
James River Hydrographic Data 1975 
Benthos Sampling Runs 
Date Station 6 12 14 16 15 13 11 -10 
Sept. 30 Time (EDT) 1020 1040 1056 1108 1124 1135 1140 1147 
Secchi Depth (em) 52 43 50 43 42 54 50 43 
Sample Depth (m) 0 0 0 0 0 0 0 0 
0 21.50 22.20 22.00 22.10 23.00 23.20 22.50 22.90 Temp. ( C) 
Sal. ( 0 loo) 0.08 0.16 0.10 0.12 0.26 0.18 0.12 0.12 
D.O. (mgll) 6.00 5.96 6.41 6.00 6.96 6.92 6.61 6.75 
Sample Depth (m) 1.5 5 2 .5 4.5 4.5 
Temp. (oC) 21.50 21.90 22.10 23.00 22.50 21.90 
Sal. ( 0 loo) 0.08 0.10 0.13 0.24 0.13 0.11 
D.O. (mgll) 6. Ol} 6.16 6.24 7.12 6.61 6.43 
r-:a 
Station 5 9 8 7 4 3 2 1 \0 VI 
Time (EDT) 1154 1222 1229 1244 1250 1258 1303 1310 
Secchi Depth (em) 31 55 50 53 43 70 67 73 
Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp. (OC) 21.80 23.50 23.30 23.60 21.80 23.10 22.20 22.90 
Sal. (O I oo) 0.10 0.16 0.13 0.24 0.08 0.19 0.08 0.12 
D.O. (mgll) 6.43 6.82 6. 82 7.67 6.55 7.53 6.63 6.41 
Sample Depth (m) 3 1 4 3 2 1 
Temp .. (oC) 21.90 24.00 22.10 21.60 22.00 22.80 
Sal. ( 0 I oo) 0.10 0.18 0.10 0.08 0.10 0.11 
D.O. (mgll) 6.55 7.04 6.51 6.37 6.37 6.61 
Table Al 
James River Hydrographic Data 1976 
Monthly Plankton Sampling Runs 
Station 
Date Parameter DWS INTAKE HPS HPW3 HPW2 HPWl DISCHARGE CBE CBC JI 
1-21 Time (EST) 1053 1125 1150 1212 1229 1242 1315 1405 1427 1455 
Seeehi Depth (em) 31 28 25 21 20 23 28 24 22 25 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (OC) 2.55 2.60 3.15 2.20 3.00 3.50 7.20 2.20 3.40 2.35 
Sal. ( 0 /oo) 1.86 2.95 1.22 0.32 0.92 1.28 3.07 0.31 1.13 0.30 
D.O. (mg/1) 12.00 11.86 12.03 11.88 11.94 11.98 12.54 12.35 12.11 
Sample Depth (m) 1 0.75 2 1.25 1.5 0.75 1 .5 1.5 3.75 
Temp. (OC) 2.45 2.60 3.15 2.25 3.00 3.50 7.20 2.45 3.40 2.35 
Sal. ( 0 /oo) 2.10 3.07 1.24 0.32 0.86 1.30 3.07 0.33 1.19 0.-29 
D.O. (mg/1) 11.86 11.62 11.78 12.25 12.05 12.09 12.09 12.27 12.05 12.15 
....... 
4 Sample Depth (m) 2 1.5 2.5 3 1.5 2 1 3 7.5 \0 
Temp. (°C) 2.55 2.60 3.25 2.30 2.95 3.60 7.10 2.50 3.40 2.40 0\ 
Sal. ( 0 /oo) 2.61 3.22 1.26 0.31 0.81 1.30 3.05 0.40 1.11 0.29 
D.O. (mg/1) 11.94 12.01 11.86 12.05 11.94 12.25 12.05 12.43 12.15 12.03 
2-20 Time (EST) 1033 1103 1138 1212 1235 1250 1320 1415 1443 1505 
Seeehi Depth (em) 26 25 33 22 21 26 23 21 22 23 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (OC) 10.60 11.20 13.80 10.85 10.80 14.00 19.40 16.30 10.90 10.55 
Sal. ( 0 /oo) 1.36 1.55 1.03 0.29 0.25 1.28 1.69 1.10 0.27 0.18 
D.O. (mg/1) 10.20 9.92 10.00 10.14 10.10 9.70 9.98 10.04 10.40 10.38 
Sample Depth (m) 1 1 2 1 2 .5 1 1 1.5 3.5 
Temp. (°C) 10.45 11.35 13.75 10.85 10.65 13.90 19.25 16.05 10.80 10.35 
Sal. (0 I oo) 1.37 1.54 1.12 0.29 0.27 1.28 1.67 1.09 0.24 0.17 
D.O. (mg/1) 10.08 9.94 10.08 10.43 10.16 9.48 9.92 9.74 10.41 10.79 
Sample Depth (m) 2 2 4 2 4 1 2 2 3 7 
Temp. (OC) 10.45 11.40 13.85 10.90 10.60 13.95 19.20 15.50 10.80 10.35 
Sal. ( 0 /oo) 1.39 1.53 1.16 0.30 0.25 1.29 1.67 1.00 0.24 0.17 
D.O. (mg/1) 9.96 10.10 9.76 10.04 10.20 9.94 9.82 10.24 10.69 
Table A4 (cont.) 
James River Hydrographic Data 1976 
Monthly Plankton Sampling Runs 
Station 
Date Parameter DWS INTAKE HPS HPW3 HPW2 HPWl DISCHARGE CBE CBC JI 
3-24 Time (EST) 1012 1042 1114 1137 1200 1216 1231 1348 1410 1425 
Secchi Depth (em) 40 27 36 53 33 38 30 84 36 48 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (OC) 12.10 11.80 15.00 12.70 14.00 16.10 20.60 13.80 12.70 12.80 
Sal. ( 0 /oo) 0.97 1. 30 0.68 0.36 0.51 0.74 1.25 0.20 0.21 0.17 
D.O. (mg/1) 9.74 10.14 9.64 9.64 10.33 9.58 10.55 10.29 10.12 11.88 
Sample Depth (m) 1 .5 2.5 1 1.5 1.25 1 .75 1.5 3 
Temp. (oC) 12.00 11.80 14.40 12.60 14.10 16.90 20.40 14.00 12. 8{) 12.60 
Sal. ( 0 /oo) 0.98 1. 30 0.64 0.30 0.53 0.78 1.25 0.20 0.17 0.13 
D.O. (mg/1} 9.76 9.84 9.35 10.14 9.43 10.21 8.95 9. 8L~ 9.72 9.44 
Sample Depth (m) 2 1 5 2 3 2.5 2 1.5 3 6 J--' 1..0 
Temp. (OC) 12.10 11.80 14.30 12.80 14.10 17.10 20.50 14.20 12.80 12.70 -.....! 
Sal. ( 0 /oo) 0.99 1. 30 0.68 0.37 0.51 0.82 1.24 0.19 0.11 0.25 
D.O. (mg/1) 9.68 10.53 9.84 9.33 9.43 9.90 10.47 9.66 9.40 
4-23 Time (EST) 1015 1100 1145 1210 1233 1330 1355 1425 1445 1515 
Secchi Depth (em) 84 40 42 62 31 49 38 120 46 49 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (°C) 21.35 21.35 23.55 21.55 22.10 24.60 26.80 24.75 21.65 21.10 
Sal. (0 /oo) lo88 2.39 1.96 0.54 0.85 1.72 2.44 0.33 0.29 0.22 
D.O. (mg/1) 9.10 9.02 8.42 8.30 8.32 8.58 8.68 9.76 8.12 8.24 
Sample Depth (m) 1 4 2 1 1.5 .5 1 .5 1.5 3 
Temp. (oC) 20.95 21.30 23.45 21.60 22.45 24.90 26.90 24.80 21.40 20.90 
Sal. ( 0 /oo) 2.28 2.49 1.77 0.54 0.84 1.64 2.45 0.33 0.27 0.23 
D.O. (mg/1) 9.22 9.78 8.40 8.10 8.36 8.50 8.84 9.94 8.12 8.20 
Sample Depth (m) 2 8 4 2 3 2 3 6 
Temp. (OC) 20.60 21.10 23.50 21.75 22.40 27.00 21.60 20.90 
Sal. ( 0 /oo) 3.65 2.58 1.72 0.54 0.83 2.45 0.28 0.25 
D.O. (mg/1) 9.26 9.94 8.48 8.20 8.28 8.80 8.02 8.44 
Table A4 (cont.) 
James River Hydrographic Data 1976 
Monthly Plankton Sampling Runs 
Station 
Date Parameter DWS INTAKE HPS HPW3 HPW2 HPW1 DISCHARGE CBE CBC JI 
5-25 Time (EDT) 1030 1055 1120 1152 1211 1233 1252 1348 1404 1530 
Secchi Depth (em) 112 78 108 103 96 111 85 107 107 71 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (OC) 20.20 20.10 21.00 21.00 20.60 21.80 25.00 21.40 21.40 20.90 
Sal. ( 0 /oo) 5.41 6.14 3.96 2.43 3.04 3.35 5.96 2.04 . 2.46 1.10 
D.O. (mg/1) 8.10 8.10 10.14 8.50 8.00 8.40 7.90 8.20 8.50 8.13 
Sample Depth (m) 1.25 1.25 2.5 1.25 1.5 1.5 1 1 1.5 3.75 
Temp. (°C) 19.90 20.30 20.20 20.80 20.40 21.20 24.60 21.50 21.40 20.60 
Sal. ( 0 /oo) 6.57 6.16 5.10 2.75 3.10 3.11 6.01 2.32 2.48 1.13 
D.O. (mg/1) 8.20 8.22 7.90 8.42 8.10 8.34 7.66 9.00 8.40 8.78 
Sample Depth (m) 2.5 2.5 5 2.5 3 2 3 7.5 t-' 
Temp. (OC) 19.90 20.50 20.30 20.90 20.50 24.60 21.70 20.50 \0 00 Sal. ( 0 /oo) 7.22 6.15 5.73 3.53 4.19 5.99 2.62 1.07 
D.O. (mg/1) 8.34 8.28 7.70 7.94 8.54 8.10 8.00 8.54 
6-23 Time (EDT) 1032 1105 1139 1200 1240 1305 1325 1445 1500 1525 
Secchi Depth (em) 71 58 62 80 61 83 60 70 42 53 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (°C) 26.80 26.55 28.20 27.05 27.40 29.85 35.10 30.00 26.15 26.65 
Sal. ( 0 /oo) 1.56 2.23 1.64 0.49 0.78 1.41 2.34 1.09 0.26 0.26 
D.O. (mg/1) 7.82 8.58 8.22 8.44 8.24 8.70 7.54 9.64 7.66 
Sample Depth (m) 1 4 2 1 1.5 1 1.5 3.5 
Temp. (°C) 25.90 26.30 28.00 26.40 27.20 35.10 26.15 25.85 
Sal. (0 /oo) 1.69 2.31 1.66 0.50 0.96 2.34 0.27 0.25 
D.O. (mg/1) 8.20 8.08 7.96 7.90 7.78 7.52 7.98 7.86 
Sample Depth (m) 2 8 4.25 2 3 2 3 7 
Temp. (°C) 25.95 26.50 28.05 26.50 27.55 35.10 26.40 25.85 
Sal. (0 /oo) 2.26 2.28 1.67 0.54 1.06 2.32 0.29 0.25 
D.O. (mg/1) 7.74 8.04 . 7. 52 8.24 7.76 8.30 8.02 7.50 
Table A4 (coot.) 
James River Hydrographic Data 1976 
Monthly Plankton Sampling Rtms 
Station 
Date Parameter DWS INTAKE HPS HPW3 HPW2 HPWl DISCHARGE CBE CBC JI 
7-15 Time (EDT) 1100 1149 1225 1255 1325 1350 1419 1441 1506 1532 
Secchi Depth (em) 86 45 50 59 49 65 50 58 63 71 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (OC) 26.50 27.20 27.20 26.70 27.30 28.60 31.15 28.55 28.20 27.65 
Sal. (o/oo) 4.75 6.07 3.54 2.08 2.46 2.99 6.42 1.88 2.74 1.50 
D.O. (mg/1) 7.33 8.07 7.70 7.70 6.27 7.76 6.94 8.59 7.41 7.68 
Sample Depth (m) 1 4.5 2.5 1.25 1.75 1 1 1 . 1. 75 4.5 
Temp. (OC) 26.30 26.60 26.60 26.90 27.40 28.80 31.15 28.65 27.90 27.10 
Sal. ( 0 /oo) 4.84 6.42 3.66 2.05 2.56 2.98 6.43 1.88 2.74 2.34 
D.O. (mg/1) 7.11 7.09 7.17 7.41 7.42 7.74 8.56 7.46 7.31 
Sample Depth (m) 2 9 5 2.5 3.5 2 3.5 8.75 t-' 
Temp. (OC) 26.10 26.50 26.70 26.85 27.55 31.20 28.30 27.20 \.!:) \.0 
Sal: ( 0 /oo) 5.22 6.44 3.74 2.17 2.70 6.35 2.90 2.31 
D.O. (mg/1) 7.42 7.23 7.17 7.41 7.58 7.03 7.33 8.65 
8-11 Time (EDT) 1035 1107 1129 1141 1209 1225 1245 1330 1402 1425 
Secchi Depth (em) 95 44 27 63 44 76 31 58 54 61 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (°C) 25.9 26.0 27.4 26.2 26.4 29.6 34.0 30.3 27.7 25.6 
Sal. ( 0 /oo) 7.84 9. 35 7.04 5.30 5.82 7.12 8.86 6.38 6.21 4.50 
D.O. (mg/1) 7.46 7.69 7.01 6.91 7.03 7.27 6.99 7.6 7 7.56 6.72 
Sample Depth (m) 1 1.25 1.75 2.5 1.5 1 1 1 1.75 4 
Temp. (oC) 25.7 26.2 27.5 26.0 26.4 29.5 34.0 29.8 27.2 26.6 
Sal. ( 0 /oo) 8.04 8.80 7.09 5.41 5.84 7.15 8.85 6.41 6.20 5.32 
D.O. (mg/1) 6.93 6.65 6.99 6.74 6.47 7.29 6.49 6.87 7.69 6.86 
Sample Depth (m) 2 2.50 3.50 5.0 3.0 2 2 3 8 
Temp. (OC) 25.6 26.3 27.7 26.0 26.5 34.0 30.6 27.2 26.8 
Sal. (o/oo) 9.07 8. 70 7.12 5.43 5.77 8.84 6.91 6.38 5.61 
D. 0. (mg/1) 6.76 7.03 6.85 7.31 7.01 6.53 6.72 6.97 6.93 
Table A4 (cont.) 
James River Hydrographic Data 1976 
Monthly Plankton Sampling Runs 
Station 
Date Parameter DWS INTAKE HPS HPW3 HPW2 HPWl DISCHARGE CBE CBC JI 
9-14 Time (EDT) 1020 1103 1137 1159 1227 1250 1325 1420 1445 1512 
Secchi Depth (em) 134 90 132 117 137 107 76 104 112 84 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (oC) 23.80 23.80 28.30 25.20 25.20 26.90 32.90 25.60 24.55 24 .. 0 
Sal. ( 0 /oo) 9.46 9.77 8.60 6.09 6.16 8.41 10.01 6.36 6.10 5.44 
D.O. (mg/1) 7.89 7.95 7.77 8.20 8.09 8.05 7.89 9.70 8.22 7.89 
Sample Depth (m) 1 4 2 1 1.5 1 1 1 1.5 3 
Temp. (oc) 23.60 23.70 26.80 24.45 24.80 27.05 32.70 25.20 25.20 24.0 
Sal. ( 0 /oo) 9.80 9.77 8.53 6.24 6.20 8.43 10.00 6.38 6.62 5.47 
D.O. (mg/1) 7.81 7.77 7.69 7.89 8.48 7.93 7.63 9.86 7.51 7.63 
Sample Depth (m) 1.75 8 4 2 3 2 3 6 N 0 
Temp. (oc) 23.60 23.60 26.20 24.25 24.60 32.50 26.20 24.20 0 
Sal. ( 0 /oo) 10.29 9.73 8.50 6.48 6.25 9.96 7.30 5.99 
D.O. (mg/1) 7.87 8.07 8.07 7.91 8.03 7.53 7.87 7 .'38 
10-14 Time (EDT) 1020 1053 1120 1156 1210 1233 1300 1350 1415 1447 
Secchi Depth (em) 85 70 65 68 62 63 48 64 74 57 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (oC) 17.9 18.0 18.2 17.9 17.9 18.7 23.7 17.9 18.5 18.0 
Sal. ( 0 /oo) 1.36 1.67 0.49 0.26 0.17 1.03 1.84 0.76 0.58 0.18 
D.O. (mg/1) 7.91 8.01 7.44 7.50 7.31 8.26 8.01 8.53 7.83 7.33 
Sample Depth (m) 1 4 2 1 1.5 1 1 .5 1.5 3 
Temp. (OC) 17.9 17.9 18.2 17.9 17.9 18.7 23.5 17.9 18.5 18.0 
Sal. ( 0 /oo) 1.38 1.70 6.50 0.28 0.18 0.99 1.87 0.80 0.59 0.18 
D.O. (mg/1) 8.22 8.03 7.72 7.25 7.06 8.32 7.79 8.32 7.08 6.94 
Sample Depth (m) 2 8 4 2 3 2 3 6 
Temp. (oC) 17.9 17.8 18.2 18.0 17.9 23.5 18.5 18.1 
Sal. ( 0 /oo) 1.64 1.88 0.62 0.26 0.17 1.85 0.59 0.19 
D.O. (mg/1) 8.36 8.28 7.54 7.23 6.86 8.03 7.60 7.04 
Table A4 (cont.) 
James River Hydrographic Data 1976 
MOnthly Plankton Sampling Runs 
Station 
Date Parameter DWS INTAKE HPS HPW3 HPW2 HPWl DISCHARGE CBE CBC Jl 
11-17 Time (EST) 1058 1130 1205 1227 1250 1307 1325 1455 1514 1540 
Secchi Depth (em) 72 69 35 36 32 52 67 52 29 34 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (°C) 7.40 7.00 7.20 7.00 7.00 7.40 7.20 7.20 6.85 6.90 
Sal. (0 /oo) 3.94 3.11 2.00 1.03 1.11 1.91 4.76 0.31 0.38 0.14 
D.O. (mg/1) 11.36 10.63 11.77 10.93 11.06 11.12 10.58 11.34 11.66 10.56 
Sample Depth (m) 1 4 2.25 1 1.5 1 1 1 1.5 4 
Temp. (oc) 7.45 7.00 7.25 7.00 7.00 7.55 7.20 7.15 6.90 6.95 
Sal. ( 0 /oo) 4.86 4.17 2.12 1.03 1.11 1.99 4.76 0.39 0.37 0.15 
D.O. (mg/1) 10.93 10.86 11.95 11.16 10.97 10.47 10.76 10.91 9.57 10.76 
Sample Depth (m) 2 8 4.5 2 3 2 3 8 N 
Temp. (OC) 7.55 7.00 7.30 7.00 7.10 7.25 6.95 6.90 0 j--l 
Sal. ( 0 /oo) 6.15 4.27 2.25 1.07 1.11 4.68 0.37 0.53 
D.O. (mg/1) 10.65 10.58 10.91 10.63 11.04 10.84 10.65 10.67 
12-10 Time (EST) 1057 1130 1204 1230 1248 1310 1425 1447 1508 1532 
Secchi Depth (em) 32 33 28 29 21 41 36 36 35 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (oC) 4.40 4.00 3.95 4.60 4.50 4.20 4.20 4.00 4.25 5.00 
Sal. ( 0 /oo) 1.25 1.96 .79 .14 . 37 .88 1.99 .53 .48 .11 
D.O. {mg/1) 11.44 12.13 12.22 11.01 11.66 11.53 11.23 12.16 12.20 10.49 
Sample Depth (m) 1 4.25 2.25 1 1.5 1 1 1 1.5 3 
Temp. (oc) 4.45 4.10 4.00 4.60 4.50 4.20 4.30 4.20 4.25 5.00 
Sal. ( 0 /oo) 1.28 2.00 . 79 .14 . 37 .85 1.98 .55 .49 .11 
D.O. (mg/1) 11.89 11.39 10.31 10.85 11.17 11.64 11.71 12.27 11.35 10.65 
Sample Depth (m) 2 8.5 4.5 2 3 2 3 6 
Temp. (OC) 4.50 4.10 4.05 4.60 4.50 4.40 4.40 5.10 
Sal. ( 0 /oo) 1.81 2. 27 .81 .15 . 35 1.96 .49 .12 
D.O. (mg/1) 11.57 12.07 11.98 10.76 10.87 11.55 11.10 11.25 
Table AS 
James River Hydrographic Data 1976 
Benthos Sampling Runs 
Date Station 6 12 14 16 15 13 11 10 
Jan. 12 Time (EST) 1035 1052 1105 1118 1127 1140 1150 1156 
Secchi Depth (em) 27 25 26 30 38 29 25 32 
Sample Depth (m) 0 0.75 0 0 0.5 0 0 0 
Temp. (°C) 3.1 3.2 3.8 3.4 4.0 5.8 6.1 5.1 
Sal. (0 /oo) 0.07 0.08 0.21 0. 52 1.30 0.39 0.31 0.19 
D.O. (mg/1) 11.42 11.96 11.27 11.37 11.48 11.23 11.21 11.27 
Sample Depth (m) 1.5 5 2 5 4 
Temp. (OC) 3.0 3.5 3.3 6.2 5.3 N 
Sal. ( 0 /oo) 0.09 1.50 0.54 0.32 0.22 0 N 
D.O. (mg/1) 12.45 11.17 11.17 11.21 11.19 
Station 5 9 8 4 7 3 2 1 
Time (EST) 1202 1208 1245 1253 1258 1305 1312 1319 
Secchi Depth (ern) 20 30 28 26 29 27 32 28 
Sample Depth (rn) 0 0 0 0 0 0 0 0 
Temp. (°C) 4.2 6.1 4.5 3.7 3.1 3.2 3.5 3.5 
Sal. ( 0 /oo) 0.12 0.42 0.18 0.12 0.10 0.08 0.07 0.08 
D.O. (rng/1) 11.29 11.39 12.94 11.37 11.88 12.05 11.56 11.47 
Sample Depth (m) 3 1 3.5 3 1.5 1 1.5 1 
Temp. (OC) 4.3 6.0 4.9 3.8 3.4 3.2 3.4 3.6 
Sal. ( 0 /oo) 0.12 0.41 0.22 0.12 0.15 0.08 0.07 0.08 
D.O. (rng/1) 11.17 11.37 11.29 11.47 11.86 11.86 11.60 11.62 
Table AS (cont.) 
James River Hydrographic Data 1976 
Benthos Sampling Runs 
Date Station 6 12 14 16 15 13 11 10 
April 7 Time (EST) 1058 1111 1122 1135 1158 1210 1218 1226 
Secchi Depth (em) 87 80 50 68 38 42 51 65 
Sample Depth (m) 0 0.5 0 0 0 0 0 0 
Temp. (OC) 14.80 15.00 14.75 15.85 16.00 16.85 17.55 14.90 
Sal. ( 0 /oo) 0.10 0.12 0.18 1.33 0.88 0.45 0.56 0.11 
D.O. (mg/1) 9.64 10.23 9.47 10.14 9.11 9.11 9.13 9.25 
Sample Depth (m) 1.25 5 2 1 0.5 4 3 
Temp. (oC) 14.70 14.25 14.55 15.55 16.60 16.00 14.50 
Sal. ( 0 /oo) 0.13 0.39 1.88 0.90 0.44 0.50 0.12 N 
D.O. (mg/1) 9.31 9.37 9.70 9.19 9.31 8.95 8.99 0 w 
Station 5 9 8 4 7 3 2 1 
Time (EST) 1235 1319 1330 1340 1347 1358 1404 1414 
Secchi Depth (em) 60 57 43 58 54 112 101 147 
Sample Depth (m) 0 0 0 0 0 0.25 0 0 
Temp. (oc) 14.65 18.70 19.70 15.80 19.60 16.95 16.30 16.00 
Sal. ( 0 /oo) 0.10 0.65 0.66 0.09 0.56 0.11 0.12 0.10 
D.O. (mg/1) 9.90 9.25 9.35 9.50 10.14 9.78 9.52 9.52 
Sample Depth (m) 3 0.5 4 3 0.5 2 1 
Temp. (oC) 14.30 18.90 14.85 14.40 19.50 14.65 15.85 
Sal. ( 0 /oo) 0.09 0.66 0.12 0.09 0.51 0.10 0.10 
D.O. (mg/1) 9.15 9.37 9.74 9.05 9.70 9.68 9.64 
Table AS (cont.) 
James River Hydrographic Data 1976 
Benthos Sampling Runs 
Date Station 6 12 14 16 15 13 11 10 
June 9 Time (EDT) 1005 1024 1044 1058 1107 1120 1125 1135 
Secchi Depth (em) 65 44 72 75 65 69 61 63 
Sample Depth (m) 0 0.5 0 0 0 0.5 0 0 
Temp. (oc) 22.6 22.8 23.1 23.6 23.2 23.0 24.6 23.7 
Sal. ( 0 /oo) 0.87 1.39 2.77 2.90 3.64 2.97 2.46 1.78 
D.O. (mg/1) 8.60 8.29 8.15 8.58 8.97 8.42 8.39 8.79 
Sample Depth (m) 1.5 5 2.5 1 4.5 4 
Temp. (OC) 22.5 21.8 22.1 22.8 23.8 23.5 
Sal. ( 0 /oo) 1.50 3.04 3.40 0.07 2.91 2.21 
""' D.O. (mg/1) 7.90 8.25 7.90 8.31 8.25 8.09 0 
.p... 
Station 5 9 8 7 4 3 2 1 
Time (EDT) 1140 1150 1200 1215 1225 1235 1244 1257 
Secchi Depth (em) 61 62 59 50 68 120 80 120 
Sample Depth (m) 0 0 0 0.5 0 0 0 0 
Temp. (OC) 22.5 25.6 25.1 25.4 24.4 25.4 24.0 24.7 
Sal. ( 0 /oo) 1.64 2.05 2.26 1.30 1.69 1.16 0.98 0.84 
D.O. (mg/1) 8.40 9.13 8.33 9.28 8.76 10.02 8.74 9.69 
Sample Depth (m) ·3 1 4 3 1 2 1.5 
Temp. (°C) 22.4 25.3 22.8 23.1 25.0 22.8 24.4 
Sal. ( 0 /oo) 1.99 2.-05 2.97 1.70 1.13 1.04 0.84 
D.O. (mg/1) 8.31 8.78 8.13 8.19 10.0 8.19 9.63 
Table A5 (cont.) 
James River Hydrographic Data 1976 
Benthos Sampling Runs 
Date Station 6 12 14 16 15 13 11 10 
July 20 Time (EDT) 1009 1025 1042 1055 1105 1116 1127 1145 
Secchi Depth (em) 76 53 132 93 43 50 84 
Sample Depth (m) 0 0.75 0 0 0.5 0.5 0 0 
Temp. (OC) 26.4 26.7 27.3 26.9 26.0 27.8 28.1 27.8 
Sal. ( 0 /oo) 2.32 2.74 3.98 6.25 6.27 4.64 3.75 2.73 
D.O. (mg/1} 7. 70 7.85 8.52 8.46 7.89 8.65 9.10 8.22 
Sample Depth (m) 1 5 1.5 4 3.75 
Temp. (oC) 26.2 26.9 26.7 27.9 27.4 
Sal. ( 0 /oo) 2.67 6.46 6.25 3.89 2.97 N 
D.O. (mg/1) 7.64 7.48 7.89 8.44 8.71 0 
V1 
Station 5 9 8 7 3 4 2 1 
Time (EDT) 1155 1245 1255 1306 1310 1323 1335 1346 
S-ecchi Depth (em) 70 -63 103 65 110 76 94 110 
Sample Depth (m) 0 0.75 0 0.75 0.75 0 0 0.75 
Temp. (oC) 27.5 28.8 27.7 28.5 29.0 27.6 28.1 31.2 
Sal. ( 0 /oo) 2.49 3.25 2.25 2.21 2.12 1.76 1.84 1.99 
D.O. (mg/1) 7. 70 9.20 8.34 10.29 10.88 8.15 8.44 8.52 
Sample Depth (m) 3 3.25 3 1.5 
Temp. (°C) 27.5 27.7 27.5 27.5 
Sal. (0 /oo) 2.57 2.68 1.93 1.89 
D.O. (mg/1) 7.66 8.50 7.89 8.28 
Table AS (cont.) 
James River Hydrographic Data 1976 
Benthos Sampling Runs 
Date Station 6 12 14 16 15 13 11 10 
August 17 Time (EDT) 1025 1040 1052 1115 1130 1145 1155 1213 
Secchi Depth (em) 90 70 132 116 40 51 108 132 
Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp. (oC) 26.15 26.50 26.60 26.30 25.00 27.10 27.00 26.70 
Sal. ( 0 /oo) 5.52 5.78 6.82 9.23 7.69 6.92 6.56 4.85 
D.O. (mg/1) 7.58 7.72 7.14 8.60 7.66 7.64 7.40 7.80 
Sample Depth (m) 1 5 2 4 4 
Temp. (OC) 25.95 26.70 26.20 26.60 26.50 
Sal. ( 0 /oo) 5.41 8.05 9.24 6.63 4.86 N 
D.O. (mg/1) 7.12 6.48 7.28 7.18 7.64 0 0'\ 
Station 5 9 8 4 7 3 2 1 
Time (EDT) 1220 1230 1325 1337 1347 135-9 1410 1420 
Secchi depth (em) 105 85 109 110 75 55 91 74 
Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp. (OC) 26.65 27.20 26.70 26.80 27 .. 80 26.85 26.40 26.80 
Sal. ( 0 /oo) 4.72 6.26 4.68 4.20 5.63 5.14 5.43 4.32 
D.O. (mg/1) 7.48 7.80 7.56 8.06 8.30 8.56 7.90 8.24 
Sample Depth (m) ·3 4 3 1 2 1 
Temp. (OC) 26.50 28.00 26.60 26.45 26.30 26.45 
Sal. ( 0 /oo) 4.74 6.67 4.28 5~08 4.75 4.32 
D.O. (mg/1) 7.46 8.08 7.92 8.34 8.14 7.34 
Table AS (cont.) 
James River Hydrographic Data 1976 
Benthos Sampling Runs 
Date Station 6 12 14 16 15 13 11 10 
Oct. 29 Time (EST) 1020* 0940 0956 1011 1033 1048 1057 1106 
Secchi Depth (em) 43 36 31 30 25 24 30 31 
Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp. (OC) 10.4 10.3 11.4 10.7 8.2 9.5 10.2 11.4 
Sal. ( 0 /oo) .20 .18 .13 .35 .41 • 30 .22 .10 
D.O. (mg/1) 9.09 9.15 9.34 9.36 9.88 10.34 9.81 8.51 
Sample Depth (m) 1 4.5 2 4 4 
Temp. (oC) 10.3 11.2 10.8 10.0 11.2 
Sal. ( 0 /oo) .41 .13 . 36 .22 .10 
D.O. (mg/1) 8.81 9.36 8.70 9.79 8.59 N 0 
......... 
Station 5 9 8 7 4 3 2 1 
Time (EST) 1113 1120 1130 1148 1155 1204 1211 1219 
Secchi Depth (em) 32 36 40 27 30 53 36 58 
Sample Depth (m) 0 0 0 0 0 0 0 0.5 
Temp. (oC) 11.3 10.2 10.6 9.3 11.4 10.2 10.8 10.2 
Sal. ( 0 /oo) .09 .21 .12 .26 .08 J .. 16 .11 .15 
D.O. (mg/1) 9.13 9.43 9.38 10.15 8.89 10.56 9.36 9.79 
Sample Depth (m) 3 4 3 1.5 
Temp. (oC) 11.2 10.5 11.1 10.8 
Sal. ( 0 /oo) .10 .13 .09 .12 
D.O. (mg/1) 8.42 9.24 9.08 9.53 
* Station 6 sampled on October 28. 
Table A6 
James River Hydrographic Data 1977 
Plankton Sampling Runs 
Station 
Date Parameter DWS INTAKE HPS HPW3 HPW2 HPWl DISCHARGE CBE CBC JI 
2-23 Time (EST) 1040 1106 1147 1215 1236 1300 1325 1347 1408 1441 
Secchi Depth (ern) 89 57 65 75 67 87 55 95 62 39 
Sample Depth (rn) 0 0 0 0 0 0 0 0 0 0 
Temp. (o C) 5.25 5.40 6.10 5.05 5.15 6.65 13.20 6.35 5.10 4.00 
Sal. (%.) 4.73 7.01 3.85 2.16 2.17 3.46 6.53 2.51 2.15 1.19 
D.O. (rng/1) 11.68 12.79 11.17 12.44 11.73 12.42 11.52 12.10 12.12 
Sample Depth (m) .75 3.5 2 1 1.5 1 1 1 1 4 
Temp. (o C) 4.80 5.40 6.00 5.10 5.00 6.60 13.20 6.40 5.15 4.20 
Sal. (%) 4.90 7.08 3.84 2.25 2.29 3.45 6.54 2.57 2.15 1.74 
D.O. (rng/1) 11.60 12.30 12.07 11.70 11.68 12.18 10.49 13.10 12.54 
Sample ~epth (m) 1.5 7 4 2 3 2 2 8 N 0 
Temp. (o C) 4.45 6.30 6.15 4.70 5.00 13.35 5.85 4.35 00 
Sal. (%) 5.91 7.36 3.90 2.44 2.78 6.58 2.94 1.75 
D.O. (rng/1) 11.83 12.69 11.95 11.97 12.94 12.10 12.01 
4-13 Time (EST) 1040 1111 1141 1203 1224 1245 1303 1345 1405 1426 
Secchi Depth (em) 55 35 35 63 38 49 31 63 62 52 
Sample Depth (rn) 0 0 0 0 0 .25 0 0 0 0 
Temp. (o C) 16.40 17.80 17.80 16.95 16.90 21.60 22.10 24.60 17.00 15.40 
Sal. (%.) 0.12 0.21 0.16 0.10 0.13 0.1~ 0.24 0.14 0.09 0.10 
D.O. (rng/ 1) 11.11 9.53 9.45 10.03 9.00 9.49 8.96 10.88 9.87 9.45 
Sample Depth (rn) 1 4 2.25 1 1.25 1 . 5 .75 2.5 
Temp. (o C) 16.40 17.15 17.50 16.90 16.95 22.20 24.20 17.20 15.40 
Sal. (%) 0.12 0.19 0.16 0.10 0.14 0.24 0.14 0.09 
D.O. (rng/1) 10.28 9.36 9.04 10.24 9.87 8.59 9.32 9.08 
Sample Depth (rn) 2 8 4.5 2 2.5 2 1.5 5 
Temp. (o C) 16.75 17.15 17.65 16.85 17.10 22.50 17.40 15.55 
Sal. (%} 0.12 0.19 0.16 0.10 0.13 0.24 0.09 0.09 
D.O. (rng/1) 9.94 9.40 9.26 10.79 8.91 8.91 9.62 10.09 
Table A6 (continued) 
Station 
Date Parameter DWS INTAKE HPS HPW3 HP~.J2 HPW1 DISCHARGE CBE CBC JI 
5-12 Time (EDT) 1008 1057 1130 1155 1210 1228 1255 1353 1410 1440 
Secchi Depth (em) 55 36 46 40 47 54 46 44 52 46 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (°C) 18.00 18.10 19.35 18.70 18.65 19.45 23.10 19. 50· 18.75 18.80 
Sal. (%) 4.78 6.24 2.28 2.29 2.42 1. 91 6.26 1.08 1.05 0.86 
D.O. (mg/1) 8.42 7.50 8.10 8.12 8.54 8.68 7.40 9.34 8.30 8.76 
Sample Depth (m) 1 3.75 2.5 1 1.5 1 1 1 1 3 
Temp. c_o C) 18.10 18.15 19.10 18.70 18.60 19.45 23.50 19.20 18.80 18.75 
Sal. (%: 4. 78 6.24 2.89 2.30 2.44 2.66 6.27 1.1~ 1.04 0.87 
D.O. (mg/1) 7. 78 7.54 8.98 7.92 8.34 8.40 7.14 8.50 8.08 8.62 
Sample Depth (m) 2 7.5 5 2 3 2 2 6 
Temp. (o C) 18.30 18.25 19.20 18.70 18.75 23.40 19.00 18.80 
Sal. (%..) 4.87 6.32 3.06 2.38 2.48 6.21 1. 04 1.37 
D.O. (mg/1) 8.10 7.40 7.82 8.00 8.46 7.24 8.06 8.04 
N 
0 
6-13 Time (EDT) 1103 1138 1212 1240 1308 1334 1400 1440 1511 1542 \C) 
Secchi Depth (em) 91 42 67 82 73 74 45 82 74 60 
Sample Depth (m) 0 0 0 0 0 0 '0 0 0 0 
Temp. (o C) 22.95 22.90 24.10 23.70 23.40 25.30 30.80 25.50 24.30 22.70 
Sal. (%) 7.26 8.03 6.01 4.68 5.86 5.27 8.23 3.74 4.21 2.87 
D.O. (mg/1) 6.89 6.48 6.35 8.01 6.40 6.99 6.62 7.50 7.50 6.35 
Sample Depth (m) 1 4 2.5 1 1.5 1 1 1 1.5 2 
Temp. (o C) 22.55 23.00 23.40 23.70 23.40 25.05 30.80 25.30 24.20 22.70 
Sal. (%) 7.82 8.04 6.22 4.70 5.88 5.55 8.23 4.37 4.44 2.88 
D.O. (mg/1) 7.27 6.74 6.74 7.01 5.13 4.56 7.46 7.07 6.78 
Sample Depth (m) 2 8 5 2 3 2 3 4 
Temp. (o C) 22.25 22.70 22.70 23.40 23. 10 30.80 24.60 22.90 
Sal. (/J 8.93 8.28 7.88 4.76 6.08 8.17 4.59 3.09 
D.O. (mg/ 1) 7.03 6. 72 6.82 7. 17 7.27 5.01 6.27 4.64 
Table A6 (continued) 
Station 
Date Parameter DWS INTAKE HPS HPW3 HPW2 HPWl DISCHARGE CBE CBC JI 
7-12 Time (EDT) 1040 1115 1140 1204 1238 1257 1317 1403 1437 1517 
Secchi Depth (em) 74 29 53 43 58 51 40 77 75 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (oC) 28.50 28.60 30.30 29.65 31.10 30.85 33.80 30.50 29.80 29.80 
Sal. (%) 9.87 10.07 8.20 6.58 7.37 7.12 10.09 6.55 5.71 4.63 
D.O. (mg/1) 6.62 6.76 6.78 7.10 7.38 6.64 5.86 7.92 6.14 7.26 
Sample Depth (m) 1 3.5 2.5 1 1.5 1 1 .75 1.5 3.5 
Temp. (oC) 28.50 28.60 29.80 29.80 30.00 30.85 33.80 30.50 29.75 29.60 
Sal. (%J 6.53 10.20 8.64 6.63 7.43 7.12 10.12 6.44 6.02 5.16 
D.O. (mg/1) 6.42 7.04 6.32 6.38 7.06 6.48 5.96 7.22 6.24 5.98 
Sample Depth (m) 2 7 5 2 3 2 1.5 3 7 
Temp. (oC) 28.50 28.70 29.60 29.80 29.65 33.70 30.70 30.00 29.60 
Sal. (%..) 10.09 10.21 9.07 6.65 7.66 10.09 6.53 6.70 5.19 
D.O. (mg/1) 6.96 6.46 6.10 6.14 5.76 6.10 7.08 5.74 6.20 
N 
t-' 
7-21 Time (EDT) 1042 1248 0 
Secchi Depth (em) 38 43 
Sample Depth (m) 0 0 
Temp. (oC} 30.10 34.90 
Sal. (%-) 9.30 9.42 
D.O. (mg/1) 5.76 5.94 
Sample Depth (m) 3.75 1 
Temp. ( OC) 29.95 34.85 
Sal. (%.) 9.43 9.42 
D.O. (mg/1) 5.94 4.71 
Sample Depth (m) 7.5 2 
Temp. ( OC) 29.90 34.90 
Sal. (%) 9.54 9.41 
D.O. (mg/1) 5.88 5.80 
Table A6 (continued) 
Station 
Date Parameter DWS INTAKE HPS HPW3 HPW2 HPW1 DISCHARGE CBE CBC JI 
8-16 Time (EDT) 1050 1123 1148 1212 1236 1257 1320 1430 1455 1515 
Secchi Depth (em) llO 54 34 64 60 70 50 82 68 72 
Sample Depth (m) {) 0 n 0 0 0 0 0 0 0 
Temp. (o C) 29.15 29.35 2 9. 60 29.70 29.75 31.10 37.30 32.20 29.80 30.05 
Sal. (~ 10. 73 11.55 10.75 8.60 9.18 10.26 11.79 9, 6!:{ 10.82 7.92 
D.O. (mg/1) 6.80 6.44 6.30 6.24 6. 18 6.30 6.40 6.92 6.92 7.63 
Sample Depth (m) 1 4 2 1. 25 1.5 1 1 1 L.5 3.5 
Temp. (0-C) 29.00 29.30 29.55 29.75 29.80 31.00 37.20 32.00 29.75 29.70 
Sal. (%,) 10.84 11.57 10.74 8.60 9.69 10.26 11.79 9.66 . 10.01 9.11 
D.O. (mg/1) 6. 41+ 6.78 6.08 7.00 6.48 6.52 5.99 6.52 6.78 6.48 
Sample Depth (m) 2 8 4 2.5 3 3 2· 3 7 
Temp. (° C) 28.60 29.40 29.50 29. 75 29.90 31.05 37.20 29.85 29.40 
Sal. (%) 12.19 11.58 10.75 8.65 9.64 10.29 11.75 10.13 9. 18, 
D.O. (mg/1) 6. 12 6.88 6. !~0 6. 12 6.56 6.64 6.50 5.17 6.58 
N 
...... 
9-6 Time (EDT) 1040 1115 1149 1219 1244 1311 1339 1422 1447 1516 t-l 
Secchi Depth (em) 110 70 70 95 90 85 67 65 112 97 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (0 c) 28.20 28.00 30.80 29.55 29.20 31. 15 36.20 30.30 29.45 29.40 
Sal. (%) 11.28 12.85 10.85 8.50 8.94 10.28 12.71 8.40 8.04 6.65 
D.O. (mg/1) 8.78 7.34 7.08 7.92 7.66 7.72 7.28 8.86 8.00 8.98 
Sample Depth (m) 1 3.5 2.25 1 1.5 1 1 . 5 1.5 4 
Temp. (° C) 28.20 27.95 30.55 29.50 29.25 32.00 35.90 30.40 29.40 28.70 
Sal. (%:) 11.33 12.92 10.60 8.61 8.95 10.66 12.71 8.49 8.08 7.78 
D.O. (mg/1) 7.76 7.48 8. 74 7.62 7. 72 7. 12 7.34 9.04 8.08 7.20 
Sample Depth (m) 2 7 4.5 2 3 2 3 8 
Temp. (° C) 28.30 27.95 30.90 29.45 29.40 35.60 29.40 28.85 
Sal. (%) 12.72 13.00 10.86 9. 17 8.94 12.70 8.23 8.50 
D.O. (mg/1) 7.42 7.66 7. 16 7.32 7.46 6.94 8.18 7.10 
TableA6 (continued) 
Station 
Date Parameter DWS INTAKE HPS HPW3 HPW2 HPW1 DISCHARGE CBE CBC JI 
11-9 Time (EST) 1050 1120 1153 1447 1424 1220 1244 1334 1358 1528 
Secchi Depth (em) 107 71 66 45 49 64 58 79 69 42 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (° C) 18.60 19.00 19.40 18.20 18.50 19.70 26.90 19.00 18.50 18.00 
Sal. (%c) 8.24 8.42 6.86 3.65 4.50 5.81 8.63 4.24 3.32 2.39 
D.O. (mg/1) 8.21 7.99 8.03 7.74 8.41 8.37 7.58 9.04 8.84 7.50 
Sample Depth (m) 1.25 4 2.5 1. 25 1.5 1 1 1 1.75 4 
Temp. (o C) 18.50 18.80 19.40 18.20 18.50 19.70 26.80 19.20 18.40 18.00 
Sal. (%) 8.50 8.50 6.89 3.79 4.54 5.82 8.63 4.37 3.88 2.62 
D.O. (mg/1) 8.56 7.88 7.95 8.49 8.11 7.60 7.68 8.25 8.05 7.99 
Sample Depth (m) 2.5 8 5 2.5 3 2 3.5 8 
Temp. (o C) 18.40 18.60 19.40 18.30 18.60 26.60 18.60 18.00 
Sal. (%) 9.20 8.70 6.93 4.03 4.56 8.60 4.32 2.74 





James River Hydrographic Data 1977 
Benthos Sampling Runs 
Date Station 6 12 14 16 15 13 11 10 
3-8 Time (EST) 1302 1253 1226 1156 1209 1235 1243 1311 
S-ec chi Depth (em) 53 71 86 88 90 110 38 61 
Sample Depth (m) 0 0 0 0 0 0 0 D 
Temp. (oC) 10.25 10.20 10.20 9.80 9.80 10.50 10.15 10.20 
Sal. (%,~ 1. 85 2.66 3. 79 4.87 5.99 4.51 3.80 2.27 
D.O. (mg/1) 11.25 11. 55 11.84 12.30 12.74 12,&6 11.52 11.38 
Sample Depth (m) 1.5 l 6 2 1 1 5 4.5 
--
Temp~ (cc) iO. f5 10.20 9. 70 9.25 9.70 10. JO 10.15 9.90 
Sal. (%) 1.87 2.67 4.62 6.33 5.79 4.55 3.81 3. 06 




Station 5 9 8 7 4 3 2 1 
Time (EST) 1318 1327 1337 1428 1439 1449 1457 1504 
Secchi Depth (em) 65 92 72 74 72 120 97 89 
Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp. ( oc) 10.10 11.60 11.60 10.90 10.40 10.25 10.10 10.40 
Sal. ( %_) 2.96 3.49 3.2-6 2.08 2.51 1.84 1.69 1.54 
D.O. (mg/ 1) 11.61 12.55 11. 31 12.49 11.59 12.74 12.93 13.58 
Sample Depth (m) 3.5 4 1 3 2 2 1 
Temp. ( oc) 9.90 11.40 11.45 11.00 10.20 10~10 9.80 10.30 
Sal. (%_~ 3.04 3.47 3.38 2. 12 2.46 1.85 1.72 1.52 
D.O. (m~/1) ll. 82 12.05 12. 05 13.90 12.22 11.94 12.05 13.52 
Table A7 (continued) 
James River Hydrographic Data 1977 
Benthos Sampling Runs 
Date Station 6 12 14 16 15 13 11 10 
4-25 Time (EDT) 1050 1113 1126 1150 1200 1214 1219 1228 
Secchi Depth (em) 35 55 65 48 43 44 46 49 
Sample Depth (m) 0 0 0 0 0 .5 0 0 
Temp. (° C) 19.40 20.35 20.70 20.80 19.60 20.40 20.60 20.95 
Sal. (%.) 0.12 0.14 0.34 0.91 0.99 0.65 0.55 0.36 
D.O. (mg/1) 9.74 11.21 10.84 8. 90 9.26 8.96 8.01 9.30 
Sample Depth (m) 1.5 7 2 .75 4 4.5 
Temp. (o C) 19.20 20.10 20.05 19.30 20.30 20.15 
Sal. (%.) 0.11 1.62 1. 68 0.94 0.59 0.33 




Station 5 9 8 7 4 3 2 1 
Time (EDT) 1236 1245 1254 1313 1320 1332 1340 1347 
Secchi Depth (em) 45 52 55 54 53 77 58 54 
Sample Depth (m) 0 0 0 . 5 0 0 0 0 
Temp. (o C) 20.85 22.20 21.70 22.00 21.05 21.10 20.90 20.60 
Sal. (%.) 0.44 0.73 0.43 0. 34 0.19 0.10 0.13 0.08 
D.O. (mg/1) 9.07 8.35 8.25 9.72 10.08 10.75 10.60 11.01 
Sample Depth (m) 4 1 4 2 1.5 1.5 1 
Temp. (° C) 20.45 22.20 20.40 20.60 20.10 19.50 20.40 
Sal. (~) 0.43 0.75 0.31 0. 20 0.10 0.30 0.08 
D.O. (mg/1) 7.81 8.76 8.31 10.02 10.43 10.02 10.91 
Table A7 (continued) 
James River Hydrographic Data 1977 
Benthos Sampling Runs 
Date Station 6 12 14 16 15 13 ll 10 
6-20 Time (EDT) 1009 1043 1059 1126 1148 1203 1213 1226 
Secchi Depth (em) 55 69 70 67 38 46 52 71 
Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp. ( oc) 26.80 26.60 26.00 25.80 25.90 26.6{) 27.70 27.20 
Sal. (%) 4.05 5. 11 6.10 7.32 8.76 7.77 6.50 4,.59 
D.O. (mg/1) 8.67 7. 74 7. 18 6.98 7.42 6.96 6.49 7~46 
Sample Depth (m) 1 .5 7.5 2 . 5 .5 4.5 4 
Temp. ( ~) 26.20 25.80 25.60 25.40 26.00 2-6.60 27.40 26.60 
Sal. (%J 4.58 5.50 6.55 7.82 8.74 7.78 6.88 5.12 




Station 5 9 8 7 4 3 2 l 
Time (EDT) 1234 1243 1254 1355 1404 1414 1424 1432 
Secchi Depth (em) :60 70 69 80 69 91 78 82 
Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp. ( ~) 27.00 29.60 27.40 27.95 27.20 28. 75 27.80 27.90 
Sal. (%) 4.54 6.54 4.22 4.64 5.22 4.41 4.44 3.96 
D.O. (mg/1) 8.13 7.56 7.92 9.68 7.28 9.64 8.63 9.24 
Sample Depth (m) 3 4 1 3 l 2 l 
Temp. ( OC) 26.30 28.90 27.60 27.85 28.30 28.40 27.30 27.60 
Sal. (%) 4.92 6.47 5.66 4.66 5.90 4.43 4.41 3.% 
D.O. (mg/ 1) 6.77 7.30 7.04 8. 79 6.55 9.90 8.59 8.91 
Table A7 (continued) 
James River Hydrographic Data 1977 
Benthos Sampling Runs 
Date Station 6 12 14 16 15 13 11 10 
7-14 Time (EDT) 1025 1037 1048 1105 1117 1130 1142 1153 
Secchi Depth (em) 39 44 54 52 40 46 50 53 
Sample Depth (m) 0 .5 0 0 ~5 ,5 0 0 
Temp. (o C) 29.60 29.80 29.80 29.60. 29.60 29.90 30.00 30.50 
Sal. (%) 5.89 6.33 7.44 8.39 9.01 9.06 7.97 7.68 
D.O. (mg/1) 6.38 7.09 7.42 6.99 6.91 7.72 7.11 6.35 
Sample Depth (m) 1.5 6.5 2 4.5 4.5 
Temp. (o C) 29.80 29.60 29.35 29.65 30.20 
Sal. (%) 6.19 7.97 8.25 8.06 7.75 




Station 5 9 8 7 4 3 2 1 
Time (EDT) 1201 1213 1219 1234 1228 1242 1250 1302 
Secchi Depth (em) 45 69 56 60 55 61 46 63 
Sample Depth (m) 0 . 5 0 . 5 0 .5 0 .75 
Temp. Cc) 29.90 31.05 30.70 31.30 30.80 30.80 30.10 30.20 
Sal. (%) 6.R9 7.02 6.52 6.45 6.38 5.77 5.32 5.30 
D.O. (mg/1) 7.03 8.85 7.62 8. 31 7.56 8.40 7.62 7.76 
Sample Depth (m) 3 4 2 2 
Temp. Cc) 29.80 30.35 30.40 29.70 
Sal. (%.) 6.92 7.41 6.51 5.46 
D.O. (mg/1) 6.58 6. 78 6.62 6.29 
Table A7 (continued) 
James River Hydrographic Data 1977 
Benthos Sampling Runs 
Date Station 6 12 14 16 15 13 11 10 
8-18 Time (EDT) 0740 0750 0805 0818 0832 {)844 0855 0907 
Secchi Depth (em) 39 60 75 93 JO 51 62 55 
Sample Depth (m) 0 . 5 0 0 .5 .5 0 0 
Temp. (°C) 27.20 27.00 28.40 27.30 26.30 28J'JD 29.00 28.40 
Sal. {%) 7. 17 8.34 9.72 11.05 11.72 1{).{)7 9.59 8.30 
D.O. -(mg/1) 5.74 5.62 6.60 6.36 6.00 5.62 6.22 6.22 
Sample Depth (m) 1 7 1.5 4 3 
Temp. (° C) 26.80 28.70 27.80 28.90 28~50 
Sal. (%) 7. 4 7 10.64 11.96 9.84 8.48 




Station 5 9 8 7 4 3 2 1 
Time (EDT) 0915 092'i 1001 1023 1013 1034 1044 1055 
Sec chi Depth (em) 52 59 57 57 51 46 58 65 
Sample Depth (m) 0 . 5 0 . 5 0 .5 0 • 5 
Temp. (oC) 28.40 30.80 28.40 27.10 28.00 26.90 27.80 27.40 
Sal. (%J 7.47 10.66 7.68 7.66 6.98 7.48 7.82 6.80 
D.O. (mg/ 1) 5. 72 5.92 6.28 u.26 u.46 6.26 5.9£ 5.84 
Sample Depth (m) 3 4 2.5 2 
Temp. (oC) 28.15 28.20 27.90 27.50 
Sal. (%) 7.50 8. 76 7.00 7.80 
D.O. (mg/1) 6. 14 6.06 5.76 6.44 
Table A 7 (continued) 
James River Hydrographic Data 1977 
Benthos Sampling Runs 
Date Station 6 12 14 16 15 13 11 10 
10-20 Time (EDT) 0804 0820 0830 0844 0856 0912 0920 0940 
Secchi Depth (em) 72 87 80 99 54 23 58 49 
Sample Depth (m) 0 .75 0 0 .75 .75 0 0 
Temp. (oC) 13.30 13.20 13.20 12.90 13.20 13.20 15.00 14.20 
Sal. (%) 9.27 9.84 12. 17 11.82 13.20 12.82 10.68 11.07 
D.O. (mg/1) 8.72 8.78 8.44 8.36 8.56 9.00 9.04 8.76 
Sample Depth (m) 1. 5 7.5 2 4 5 
Temp. (oC) 13.20 13.60 12.80 14.40 13.50 
Sal. (%r) 9.18 14.01 11.97 10.90 10.84 
D.O. (mg/1) 8.42 8.56 8.62 8.40 8.82 
N 
~ 
Station 5 9 8 7 4 3 2 1 CX> 
Time (EDT) 0948 0955 1009 1035 1020 1045 1055 1105 
Secchi Depth (em) 60 60 70 54 63 52 101 84 
Sample Depth (m) 0 .75 0 .75 0 .75 0 .75 
Temp. (oC) 14.00 14.80 16.00 13.00 14.10 13.50 13.50 13.60 
Sal. (%) 10.65 10.32 10.50 8.39 8.65 9.08 8.61 8.20 
D.O. (mg/1) 8.24 8.86 8.24 9.02 9.57 9.75 8.86 9.77 
Sample Depth (m) 3 3.5 2 2 
Temp. ( oc) 13.80 17.20 14.00 13.50 
Sal. (%.) 10:68 11.25 9.58 8.60 
D.O. (mg/1) 9.02 7.85 8.42 9.19 
Table A8 
Jam-es River Hydrographic Data 1978 
Plankton Sampling Runs 
Station 
Date Parameter DWS INTAKE HPS HPW3 HPW2 HPWl DISCHARGE CBE CBC JI 
2-28 Time (EST) 1013 1040 1109 1132 1152 1214 1235 1702 1638 1610 
Secchi Depth \em) 17 23 21 17 18 22 21 21 19 17 
Sample Depth {m) 0 0 0 0 0 0 0 0 0 0 
Temp. (OC) 3.45 3.95 7.35 4.20 3.55 6.65 12.70 8.10 5.50 3 .. 60 
Sal. ( 0 /oo) 2.62 2.28 1.42 . 64 .37 1. 48 2.89 1.31 1.06 .43 
D.O. (mg/1) 11.74 11.64 10.92 12.07 12.01 11.62 11.37 11.68 11.45 12~05 
Sample Depth (m) 1 3.75 2 1 1.5 1 1 1 1.75 4 
Temp:- {0 -c) · 3.40 3.85 7.60 4.20 3.50 6.55 12.60 7. 40 5.65 3.90 
Sal. ( 0 /oo) 2.63 2.29 1.61 .63 ~38 1.45 2.89 1.43 1.17 .53 
D.O. (mg/ 1) 11.80 11.23 11.84 12.03 12.01 11.43 11.60 11.56 11.66 11.80 
Sample Depth (m) 2 7.5 4 2 3 2 3.5 8 N 
Temp. (OC) 3.40 3.85 7.65 4.15 3<45 12.70 5.60 4. 00 ~ 
Sal. ( 0 /oo) 3.07 2.29 1. 68 .65 .39 2.86 1.21 .. 64 1...0 
D.O. (mg/1) 11.97 11.43 11.39 12 .. 05 12.38 11.47 11.82 11.74 
4-18 Time (EST) 1002 1032 1106 1137 1206 1233 1303 1329 1355 1426 
Secchi Depth (em) 61 30 36 40 29 35 35 54 36 32 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (°C) 14.20 14.15 15.90 14.90 15.90 16.10 21.20 15.00 15.40 15.20 
Sal. ( 0 /oo) 2.37 2.64 1. 22 . 42 .75 1.05 2.58 .44 .34 .08 
D.O. (mg/1) 8.94 8.56 8.64 8.94 8.64 8.48 8.54 8.62 8.46 8.50 
Sample Depth (m) 1 3.5 2 1 1.5 1 1 1.5 3.5 
Temp. (oC) 14.20 14.15 15.80 14.90 15.80 16.80 21.20 15.40 15.05 
Sal. ( 0 I oo) 2.59 2.63 1. 22 . 81 .75 1.09 2.60 .33 .08 
D.O. (mg/1) 8.50 8.76 8.16 9.12 8.62 8.58 8.72 8. 70 8.76 
Sample Depth (m) 2 7 4 2 3 2 3 7 
Temp. (OC) 14.20 14.25 15.80 14.90 15.80 21.05 15.40 15.05 
Sal. ( 0 I oo) 4.51 2.RO 1. 26 .26 .76 2.57 .34 .. 09 
D.O. (mg/ 1) 8.44 9.06 9.42 8.24 8.36 8.96 8.58 8.50 
Table A8 (cont.) 
James River Hydrographic Data 1978 
Plankton Sampling Runs 
Station 
Date Parameter DWS INTAKE HPS HPW3 HPW2 HPWl DISCHARGE CBE CBC JI 
5-23 Time (EDT) 0956 1028 1101 1128 1149 1215 1242 1304 1351 1415 
Secchi Depth (em) 27 31 21 31 23 30 25 44 43 34 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (°C) 21.80 21.55 21.85 21.40 21.80 23.55 28.10 23.10 22.00 21.80 
Sal. ( 0 /oo) .26 .30 .12 . 07 .10 .16 .34 .11 .11 .09 
D. 0. (mg/1) 7.38 7.64 7.24 7.82 7.58 7.86 7.10 8.02 7.32 8.16 
Sample Depth (m) 1 3.75 2.25 1.5 1.75 1 1 1 1.75 3.75 
Temp. (OC) 21.60 21.50 21.85 21.60 21.85 23.50 27.90 22.60 22.05 21.60 
Sal. ( 0 /oo) .26 .37 .11 .08 .09 .17 .33 .12 .10 .10 
D.O. (mg/1) 7.56 7.18 7.38 8.08 7.72 7.76 7.78 7.58 7.66 8.06 
Sample Depth (m) 2 7.5 4.5 3 3.5 2 3.5 7.5 N 
Temp. (oC) 21.60 21.50 22.00 21.70 22.00 27.90 22.10 21.50 N 
Sal. ( 0 /oo) .26 .40 .11 .08 .10 .32 .10 .27 0 
D.O. (mg/1) 7.10 7.04 7.30 7.92 7.70 7.50 7.78 7.96 
6-20 Time (EDT) 1013 1039 1106 1127 1144 1204 1223 1245 1300 1320 
Secchi Depth (em) 46 37 20 31 37 47 36 39 35 35 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (OC) 25.80 26.40 26.40 26.20 26.70 28.80 32.35 30.00 27.20 27.40 
Sal. ( 0 /oo) 3.06 2.97 2.28 .74 1.96 1.97 3.35 1.68 1.18 .73 
D.O. (mg/1) 7.55 7.36 6.73 7.49 7.22 7.49 6.96 7.49 7.43 7.87 
Sample Depth (m) 1 3.75 2 1.25 1.75 1 1 .75 1.75 3.5 
Temp. co c) 25.60 26.20 26.50 25.85 26.10 28.75 32.30 29.80 26.40 26.10 
Sal. ( 0 I oo) 3.13 2.84 2.26 .73 1.90 1.98 3.37 1.98 1.31 .68 
D.O. (mg/1) 7.91 7.36 7.17 7.60 7.41 7.55 7.15 7.51 6.98 7.53 
Sample Depth (m) 2 7.5 4 2.5 3.5 2 3.5 7 
Temp. (OC) 25.50 26.20 26.60 26.00 26.10 32.35 26.40 26.40 
Sal. (O /oo) 3.29 2.88 2.27 .78 1.83 3.36 1.36 1.23 
D.O. (mg/1) 8.01 7.28 7.05 7.42 7.04 7.07 7.20 7.30 
Table AB 
(cont.) 
James River Hydrographic Data 1978 
Plankton Sampling Runs 
Station 
Date Parameter DWS INTAKE HPS HPW3 HPW2 HP~Vl DISCHARGE CBE CBC JI 
7-11 Time (EDT) 1050 1132 1210 1236 1257 1315 1336 1440 1503 1530 
Secchi Depth (em) 47 32 47 36 40 61 39 38 37 36 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (OC) 27.10 26.80 28.90 27.10 27.10 28.30 32.20 27.60 27.30 26.90 
Sal. (Ofoo) 5.29 4.40 3.13 2.00 1.34 3.04 4.78 2.65 1.78 1.24 
D.O. (mg/1) 6.83 6.53 6.81 6.91 6.65 6.97 6.11 6.45 7.16 6.61 
Sample Depth (m) 1 2.75 1.25 1.25 1.75 1 1 1 1.5 2.5 
Temp. (oC) 26.90 26.30 28.80 27.00 26.90 28.10 31.90 28.50 27.30 26.80 
Sal. ( 0 /oo) 5.34 4.50 3.14 2.01 1.34 3.02 4.80 2.90 1.80 1.35 
D.O. (mg/1) 6.63 6.65 6.53 7.44 6.61 6.73 6.13 6.41 6.69 6.75 
Sample Depth (m) 2 5.5 2.5 2.5 3.5 2 3 5 
Temp <oc) 26.90 26.20 28.70 26.90 26.90 31.90 27.30 26.70 N 
Sal. ( 0 I oo) 5.26 4. 71 3.16 2.09 1. 37 4.77 1.83 1.23 N 
D.O. (mg/ 1) 6.53 6.61 6.81 6.83 6.93 5.97 6.57 6.93 t-' 
8-23 Time (EDT) 1000 1045 1120 1200 1220 1243 1334 1420 1445 1510 
Secchi Depth (em) 52 52 61 45 53 52 35 52 52 45 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (oC) 28.20 28.75 30.80 29.20 29.25 31.50 37.50 29.90 30.40 29.30 
Sal. ( 0 /oo) 6.21 5.28 3.25 1. 70 1. 35 3.28 5.82 1.49 1.35 1.24 
D.O. (mg/1) 6.12 6.14 6.42 6.44 6.26 6.72 6.54 7.40 6.88 6.38 
Sample Depth (m) 1 2 2 1. 25 1. 75 1 1 1 1.75 3.5 
Temp. (OC) 27.90 28.40 30.30 28.80 28.80 31.70 37.40 30.10 30.20 29.00 
Sal. ( 0 /oo) 6.25 5.41 3.76 1.72 1. 38 3.45 5.82 1.57 2.63 1.30 
D.O. (mg/1) 5.76 6. 28 6.06 6.48 6.12 6.30 6.26 7.54 6.00 6.14 
Sample Depth (m) 2 4 4 2.5 3.5 2 3.5 7 
Temp. (oC) 27.80 28.10 30.10 28.85 29.00 37.40 30.80 29.10 
Sal. ( 0 /oo) 6.25 5.55 3.79 1. 75 1. 39 5.74 2.92 1.77 
D.O. (mg/1) 5.98 5.8h 5.84 6.16 6.14 6.38 6.08 5. 8-6 
Table AS 
(cont.) 
James River Hydrographic Data 1978 
Plankton Sampling Runs 
Station 
Date Parameter DWS INTAKE HPS HPW3 HPW2 HPWl DISCHARGE CBE CBC JI 
9-19 Time (EDT) 1012 1047 1125 1147 1210 1230 1300 1345 1402 1425 
Secchi Depth (em) 76 44 32 65 51 79 47 57 58 52 
Sample Depth (m) 0 0 0 0 0 0 0 0 0 0 
Temp. (OC) 26.10 26.05 26.90 26.70 26.90 28.40 34.70 29.50 27.50 26.50 
Sal. ( 0 /oo) 6.90 8.40 6.55 4.59 5.69 5.69 8.47 5.67 5.57 3.95 
D.O. (mg/1) 6.37 6.15 6.23 6.27 6.27 6.49 5.55 6.37 6.11 6.21 
Sample Depth (m) 1 4 2.25 1.25 1.75 1 1 1 1.5 4 
Temp. (OC) 26.10 26.00 26.90 26.60 26.90 28.60 34.60 29.80 27.50 26.70 
Sal. ( 0 I oo) 6.95 8.56 6.52 4.64 5.70 5.72 8.47 5.72 5.56 4.59 
D.O. (mg/1) 6.23 6.05 6.19 6.19 6.11 4.62 5.57 6.35 5.97 6.09 
Sample Depth (m) 2 8 4.5 2.5 3.5 2 3.25 8 
Temp. (OC) 26.10 26.05 26.90 26.60 27.00 34.60 27.50 26.80 I'-) 
Sal. ( 0 /oo) 7.17 8.60 6.55 4.73 5.62 8.43 5.56 5.38 I'-) I'-) 
D.O. (mg/1) 6.01 5.99 6.11 6.17 6.25 5.55 6.07 6.63 
11-14 Time (EDT) 0845 0917 0947 1010 1036 1105 1137 1234 1258 1328 
Secchi Depth (em) 110 63 52 40 73 104 50 86 82 66 
Sample Depth (rn) 0 0 0 0 0 0 0 0 0 0 
Temp. (OC) 15.20 15.20 15.90 15.90 16.25 18.40 23.30 16.90 17.60 16.50 
Sal. ( 0 /oo) 9.93 11.02 10.01 8.06 9.20 8.71 11.33 6.99 8.69 7.21 
D.O. (mg/1) 7.72 7.76 7.68 7.96 7.82 7.86 7.60 8.08 7.78 
Sample Depth (m) 1.25 4 2.5 1.5 2 1 1 1 2 4.5 
Temp. (°C) 15.10 15.20 16.00 15.90 16.20 17.90 23.25 17.20 17.40 16.10 
Sal. ( 0 /oo) 10.89 11.06 9.99 8.06 9.20 9.00 11.31 7.41 8.95 8.17 
D.O. (mg/1) 7.68 7.86 7.76 7.86 7.70 7.90 7.51 8.46 7.78 7.60 
Sample Depth (m) 2.5 8 5 3 4 2 2 4 9 
Temp. (°C) 15.10 15.20 16.00 15.90 16.25 17.90 23.20 17.30 16.10 
Sal. ( 0 /oo) 11.09 10.98 9.94 8.10 9.17 9.00 11.24 9.19 8.46 
D.O. (mg/l) 7.78 7.68 7.82 7.68 7.74 7.70 7.27 7.80 6.99 
Table A9 
James River Hydrographic Data 1978 
Benthos Sampling Runs 
Date Station 6 12 14 16 15 13 11 10 
Jan. 18 Time (EST) 1005 1025 1036 1051 1115 1127 1135 1149 
Secchi Depth (em) 18 22 16 22 15 21 24 17 
Sample Depth (rn) 0 0 0 0 0 0 0 0 
Temp. (OC) 2~80 2.60 2.30 2.60 4.90 6.80 6.80 4.70 
Sal. (O/oo) .14 .17 .09 .10 .32 .18 .18 .14 
D.O. (mg/1) 12.07 12.21 11.70 12.07 12.01 11.70 12.75 11.40 
Sample Depth (m) 1.5 1 8 2 4 4 
Temp. (OC) 2.75 2. 70 2.30 2.65 6.80 4.70 
Sal. ( 0 /oo) .33 .16 .10 .10 .17 .14 
D.O. (mg/1) 13.17 12.27 11.88 11.97 11.68 11.48 N ~ 
w 
Station 5 9 8 4 7 3 2 1 
Ti.me (EST) 1200 1215 1225 1236 1246 1256 1305 1317 
Secchi Depth (em) 18 18 17 13 33 23 17 21 
Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp. (°C) 5.00 9.20 4.40 3.50 3.80 3.60 2.80 3.40 
Sal. ( 0 /oo) .38 .20 .11 .09 .10 .10 .08 .10 
D.O. (mg/1) 11.56 10.54 11.36 11.16 11.88 11.62 11.99 11.94 
Sample Depth (m) 3 4 3 1.5 5 
Temp. (°C) 5.00 4.80 3.70 2.80 3.40 
Sal. co I oo) .15 .11 .09 .08 .10 
D.O. (mg/1) 11.42 11.50 11.60 11.34 11.82 
Table A9 (Cent.) 
James River Hydrographic Data 1978 
Benthos Sampling Runs 
Date Station 6 12 14 16 15 13 11 10 
April 10 Time (EST) 1003 1016 1034 1050 1103 1116 1125 1134 
Secchi Depth (em) 26 29 31 28 19 22 23 30 
Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp. (°C) 14.55 15.4 15.20 15.05 14.80 15.35 16.35 16.00 
Sal. ( 0 /oo) .10 .10 .14 .18 .14 .10 .10 
D.O. (mg/1) 8.45 8.46 8.98 8.69 9.00 9.04 8.45 8.77 
Sample Depth (m) 1.5 7 2 4.5 4 
Temp. (OC) 14.55 15.05 15.00 16.00 16.00 
Sal. ( 0 /oo) .58 3.66 .16 .10 
D.O. (mg/1) 8.42 8.54 8.87 9.10 8.86 N 
N 
.p. 
Station 5 9 8 4 7 3 2 1 
Time (EST) 1142 1150 1220 1230 1240 1247 1256 1305 
Secchi Depth (em) 26 25 25 24 28 32 26 43 
Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp. (°C) 16.35 17.40 16.35 15.85 18.20 16.10 15.20 15.60 
Sal. (0 /oo) .10 .11 .10 .10 .12 .09 
D.O. (mg/1) 8.96 8.69 8.71 8.82 8.94 9.16 9.06 8.86 
Sample Depth (rn) 3 4 4 2 
Temp. (OC) 16.35 16.35 15.60 15.20 
Sal. ( 0 I oo) .13 .10 .09 
D.O. (rng/1) 8.54 8.63 8.69 9.08 
Table A9 
(cont.) 
James River Hydrographic Data 1978 
Benthos Sampling Runs 
Date Station 6 12 14 16 15 13 11 10 
June 13 Time (EDT) 0710 0723 0738 0750 0805 0815 0823 0840 
Secchi Depth (em) 26 23 40 42 31 30 34 33 
Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp. (DC) 25.0 24.3 24.9 23.9 23.8 23.8 25.4 24.8 
Sal. ( 0 /oo) .20 .23 .58 1.89 1.75 1.29 .70 ~53 
D.O. (mg/1) 7.39 6.80 6.64 7.43 6.94 6.88 6. 84 6.98 
Sample Depth (m) 1.5 7 2 4.5 4 
Temp. (DC) 24.7 24.5 23.8 25.4 24.8 
Sal. ( 0 /oo) • 30 .76 1.86 .72 .54 
D.O. (mg/1) 4~65 7.23 8.02 6.88 6.80 N N 
IJt 
Station 5 9 8 4 7 3 2 1 
Time (EDT) 0849 0859 0931 0940 0948 0958 1035 1045 
Secchi Depth (em) 29 29 47 36 22 26 39 40 
Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp. (DC) 25.3 25.2 24.9 24.5 23.2 24.4 24.6 24.2 
Sal. ( 0 /oo) .67 .58 .33 .21 .18 .18 .16 .14 
D.O. (mg/1) 6.88 6.68 6.82 6.74 7.59 7.39 7.04 7.11 
Sample Depth (m) 3 4 3 2 
Temp. (DC) 25.1 24.6 24.5 24.4 
Sal. ( 0 /oo) .65 .30 .22 .16 
D.O. (mg/1) 6.86 6.72 6.80 6.80 
Table A9 
(cont.) 
James River Hydrographic Data 1978 
Benthos Sampling Runs 
Date Station 6 12 14 16 15 13 11 10 
July 12 Time (EDT) 0656 0709 0722 0736 0750 0806 0816 0828 
Secchi Depth (em) 35 36 63 39 27 33 34 47 
Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp. ~°C) 25.6 25.0 25.7 25.6 24.2 25.0 26.3 25.8 
Sal. ( /oo) 2.15 2.49 6.18 5.65 5.01 4.05 3.69 3.81 
D.O. (mg/1) 7. 01 6.03 6.93 7.36 5.99 6.71 7. 04 6.79 
Sample Depth (m) 1 7 2 4.5 4 
Temp. (°C) 25.3 26.4 25.3 26.1 25.8 
Sal. (0 /oo) 2.74 7.55 6.01 3.70 3.78 
D.O. (mg/1) 6.45 5.73 6.41 6.73 6.71 ~ ~ 
0'\ 
Station 5 9 8 4 7 3 2 1 
Time (EDT) 0837 0845 0855 0906 0916 0925 0940 0950 
Secchi Depth (em) 34 37 50 40 36 26 39 44 
Sample Depth (m) 0 0 0 0 0 0 0 0 
0 25.9 26.0 26.8 25.9 27.0 Temp. ( C) 24.5 25.0 24.0 
Sal. ( 0 /oo) 3.20 2.83 3.21 2.06 3.14 2.00 1.71 1.23 
D.O. (mg/1) 7.14 6.93 6.71 6.71 6.73 7.20 6.95 7.64 
Sample Depth (m) 3· 4 3 2 
Temp (°C) 25.7 26.3 26.1 25.0 
Sal. ( 0 /oo) 3.34 3.29 2.68 1.72 
D.O. (rng/1) 6.43 7.01 6.57 6.91 
Table A9 
(cont.) 
James River Hydrographic Data 1978 
Date Station 6 12 14 16 15 13 11 10 
Aug. 7 Time (EDT) 0742 0756 0814 0835 0853 0858 0910 . 0922 
Seeehi Depth (em) 33 37 48 26 25 28 31 28 
Sample Depth (m) 0 0 0 0 0 0 0 0 
0 27.5 27.2 28.5 28.0 27-.0 29 .. 8 32.5 28.2 Temp. ( C) 
Sal. ( 0 /oo) 1.26 1.45 2.30 3.40 4 .. 15 2.98 3.46 1.22 
D.O. (mg/1) Y.44 5.89 6.15 5.99 4.65 6 .. 21 5.85 5.85 
Sample Depth (rn) 1 6 1.5 4 3.5 
Temp. (oC) 27.5 28.5 28.0 32.5 28.0 
Sal. 0 1.38 2.52 3.42 3.42 1.26 ( /oo) 
D.O. (mg/1) 6.01 6.11 5.97 5.80 6.03 
N 
N 
Station 5 9 8 4 7 3 2 1 '-J 
Time (EDT) 0925 0933 0943 0955 1003 1015 1025 1033 
Seeehi Depth (ern) 35 41 31 27 26 27 32 42 
Sample Depth (rn) 0 0 0 0 0 0 0 0 
0 28.0 31.8 28.2 28.0 27.5 28.0 28.2 28.0 Temp. ( C) 
0 1.03 3.42 1.34 .86 1.55 1.52 1.02 1.35 Sal. ( /oo) 
D. 0. (rng/1) 5.87 6.27 5.72 5.86 6.48 6.09 5.74 6.88 
Sample Depth (rn) 2.5 3 2.5 1.75 
Temp. (oC) 28.0 27.8 27.8 28.0 
Sal. ( 0 I oo) 1.04 1.30 • 89 1.04 
D.O. (mg/1) 5.12 5.66 5.83 5.76 
Table A9 
(cont.) 
James River Hydrographic Data 1978 
Benthos Sampling Runs 
Date Station 6 12 14 16 15 13 11 10 
Oct. 18 Time (EDT) 0940 1005 1020 1045 1140 1155 1206 1222 
Secchi Depth (em) 80 66 79 106 51 60 34 71 
Sample Depth (m) 0 0 0 0 0 0 0 0 
Temp. ~°C) 15.4 16.1 17.5 17.3 17.0 16.8 18.4 18.1 
Sal. ( I oo) 5.08 6.83 7.28 9.30 9.84 9.02 8.46 7.04 
D.O. (mg/1) 7.78 7.52 7.90 7.94 7.86 8.02 7.94 8.24 
Sample Depth (m) 1.5 7 2.5 1 5 4.5 
0 16.5 17.0 16.7 16.8 18.3 17.4 Temp. ( C) 
Sal. ( 0 loo) 6.09 8.85 10.66 9.04 8.46 7.95 N 
D.O. (mgll) 8.04 7.74 7.84 7.84 7. 92 7.98 N 00 
Station 5 9 8 4 7 3 2 1 
Time (EDT) 1230 1240 1300 1310 1347 1357 1408 1417 
Sec chi Depth (em) 34 76 67 46 56 90 79 106 
Sample Depth (m) 0 0 0 0 0 0 0 0 
0 17.6 19.8 19.0 17.8 20.9 17.6 17.4 17.1 Temp. ( C) 
Sal. ( 0 I oo) 7.38 7.68 7.43 6.40 7.04 5.57 5.91 5.28 
D.O. (mgll) 8.06 7.92 7.78 8.12 7.98 8.40 8.26 8.90 
Sample Depth (m) 3.5 1 4.5 3.5 1 1 2.5 1 
Temp. (oC) 17.6 19.6 18.5 18.0 20.8 17.5 16.7 17.0 
Sal. ( 0 I oo) 7.48 7.66 7.50 6.56 7.00 6.04 5.65 5.28 
D.O. (mgll) 8.04 7.96 7.84 8.10 8.14 8.58 8.34 8.72 
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Phytoplankton ANOVA Summary 1-23-75 
Stations and Means 
sharing an underline are significantly different, a~.05) 
HPS HPW2 HPWl CBC Int. HPE2 Dis. 
• 824 .824 .932 .992 1.08 1.28 1.54 
HPE2 HPW2 CBC Int. HPS HPWl Dis. 
150 200 225 225 225 300 400 
Int. HPE2 HPEl HPS CBE HPWl HPW2 











James River Phytoplankton N.~OVA Summary 2-27-75 
Parameters Stations and Means 
(Stations not sharing on underline are significantly different as_ .05) 
Chl a HPN HPWl Dis. CBC DWS HPE2 Int. JI HPS HPW2 CBE HPEl 
(mg· ;-3) 2.2 2.6 2.9 2.9 3.4 3.4 3.8 3 .. 8 4.4 4.8 5 .. 0 5.4 
Prim. prod. HPN HPWl CBC DWS HPW2 JI HPEl Int. Dis. CBE HPE2 HPS 
(mgC·m-~hr-1) .158 .. 357 .387 -.406 .470 • 551 .564 .658 .694 .741 (LOST) 
Assim. ratio HPN HPW2 HPEl D:WS CBC HPWl CBE JI Int. Dis. 
(mgC·mgChl a-1. 
hr-1) - ~074 .103 .104 .130 .134 .147 .154 .156 .176 .178 
Total cells DWS Int. Dis. HPE2 HPH2 HPEl HPS HPN HPW1 CBE CBC JI N 
(ce1ls·ml-1) 150 150 150 175 175 200 200 200 200 200 200 225 w t-' 
He1osira Int. HPS Dis. HPEl JI DHS HPE2 HPN HPW2 CBE CBC HPWl 
sub salsa 
(cells·:nl 1) 14.5 15 15 15.5 16.5 17.5 17.5 21 22 23.5 26 30 
Table B3 
James River Phytoplankton ANOVA Summary 3-27-75 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, aS.05) 
Chl a HPN CBE HPWl Dl.JS JI HPE2 CBC HPEl Dis. HPS Int. HPW2 
(mg. ;-3) 2.2 2.3 2.7 2.8 3.0 3.1 3.1 3.4 3.5 3.6 4.2 4.4 
Prim. prod. HPN HPE2 HPW2 HPEl DWS Dis. JI CBC CBE Int. HPWl HPS 
(mgC .m-:fur-1) . 497 .776 . 802 . 856 .898 1.06 1.08 1.11 1.12 1.22 1.28 1.30 
Assim. ratio HPW2 HPN HPE2 HPEl Int. Dis. DWS CBC JI HPS HPWl CBE 
(mgC -mgChl~-1. 
hr-1) .184 .221 .252 .252 .293 . 310 .322 .356 • 358 • 369 .476 .488 
Total cells DWS HPE2 HPN Dis. HPW2 CBE CBC JI HPEl HPS HPWl Int. N (cells· ml-1) 125 125 125 150 175 200 200 200 225 225 225 275 w N 
Melosira Dis. HPWl HPEl CBE HPE2 DWS HPW2 HPS Int. HPN CBC JI 
subsalsa 





( mg C lll-~ r -l) 
Assim. ratio 


















James River Phytoplankton M~OVA Summary 4-22-75 
Stations and l·1eans 














































































































James River Phytoplankton ANOVA Summary 5-20-75 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a$.. 05) 
Chl a CBC JI CBE Dis. DWS HPS HPWl HPE2 HPEl HPW2 Int. HPN 
(mg·;-3) 3.2 3.7 3.8 4.1 4.4 4.7 5.7 5.7 5 .. 8 6.5 7.0 14.4 
Prim. prod. CBC HPE2 JI DWS Dis. HPW2 HPEl HPWl HPS CBE Int. HPN 
(mgC ·m -~r-1) 4.14 4.47 4.62 4.76 5.28 5. 32 5.75 7.66 7.72 7.92 9.69 20.0 
Assim. rati~1 _1 HPE2 HPW2 HPEl DWS JI Dis. CBC HPWl Int. HPN HPS CBE (mgC·mgChl~ ·hr ) .788 .833 1.00 1.08 1.25 1.28 1.30 1.34 1.38 1.42 1.64 2.10 
Total eel!~ DWS HPE2 HPW2 JI CBC Dis. CBE HPWl HPS HPEl Int. tiPN 
(cells·ml ) 800 800 925 1025 1175 1225 1400 1425 1700 1750 3150 6150 N 
w 
.p. 
8p. Chroomonas sp. DWS HPE2 HPEl HPW2 HPN CBC Dis. HPS JI HPWl CBE Int. 
(cells ·ml ·1) 50 50 100 125 175 225 275 325 325 525 550 1275 
30p Cryp tomonas sp. DWS Dis. HPW2 HPEl HPE2 HPS HPWl Int. HPN CBC JI CBE 
(cells •ml-1} .5 3 5 6 6 8 14 15 16 29 43 57 
Nitzschia katzing- CBE CBC JI HPW2 Dis. DWS HPE2 HPWl HPEl HPS HPN Int. 
iana (cells.ml-1) 75 75 100 300 300 325 400 425 525 575 575 1175 
Cyclotella menegh- HPW2 CBC liPWl CBE HPE2 DWS Dis. JI HPEl HPS Int. HPN 
iniana (cells-ml-1) 75 125 150 150 175 200 200 200 225 225 275 3075 
Melosira subsalsa HPE2 DWS HPW2 HPWl HPEl JI HPS Int. Dis. CBC CBE HPN 
(cells "ml-1) 28 51 59 64.5 85 101.5 103.5 109 110 126.5 '135 224.5 
Coscinodiscus ~PN CBC JI CBE HPW2 HPE2 DWS Dis. Int. HPWl HPS HPEl 
lacustris -1 9 13 14.5 25 34 36.5 41 44.5 45.5 53 66.5 (cells·ml 9 
Parameters 
Chl a 
-3 (mg·m- ) 
frim. E.)od.: 
(mgC·m ·hr 1 ) 
Assim. ratio 
































James River Phytoplankton ill~OVA Summary 6-16-75 
Stations and ~,1eans 











































































































































































































James River Phytoplankton M~OVA Summary 7-10-75 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a.~.05) 
Chl 3!._3 JI HPE2 
Dis. HPEl HPW2 DWS CBC HPN CBE HPS HPWl Int. 
(mg·m ) 3.4 4.1 4.2 4.5 4.5 4.6 5.2 5.8 5.8 6.1 6.7 8.6 
Prim. prod. Dis. JI DWS HPS HPE2 HPW2 HPEl CBC HPN CBE Int. HPWl 
(mgc.m-~hr-1) 12.6 14.8 17.4 19.0 20.9 23.6 24.5 28.0 33.6 36.5 37.0 50.2 
Assim. ratio Dis. HPS DWS Int. JI HPE2 CBC HPW2 HPEl HPN CBE HPWl 
(mgC·mgChl~-l·hr-1) 3.00 3.26 3.80 4.34 5.47 5.14 5.27 5.48 5.57 5.83 6.32 7.93 
Total cells Dis. JI HPS HPE2 Int. HPW2 DWS CBC HPEl HPN CBE HPWl 
(cells. ml-1) 900 1325 1600 1825 2250 2850 2900 2900 3550 4025 8850 14425 
--
N 
8u Chroomonas sp. Dis. HPS JI li.PEl HPE2 CBC Int. HPW'2 DWS HPWl HPN CBE w 
(cells •ml-1) 0'\ 350 425 500 675 750 750 925 1150 1225 1475 2150 2400 
Pyramimonas sp. Dis. HPE2 HPS JI Int. HPEl DWS HPW2 CBC CBE HPWl HPN (cells· ml-1) 50 75 75 75 125 125 150 175 225 325 375 600 
Skeletonema Dis. Int. DWS HPWl HPS HPEl HPN HPE2 HPW2 CBE JI CBC 
cos tatum 
(cells· ml-1) 35 80.5 117 229 241.5 246 345.5 370.5 376.5 381.5 471.5 598.5 
Pleurcsi~a HPN JI HPW2 HPWl CBC CBE HPE2 HPEl DWS HPS Dis. Int. 
delicatulum 0 0 .5 1 1 1.5 4 6.5 7 9 10.5 25.5 
(cells·ml-l) 
Rhizosolenia minima Dis. Int. JI HPE2 HPN DWS HPS CBC HPW2 HPEl CBE HPWl 
(cells·ml-1) 175 225 350 425 425 750 775 1025 1100 2250 5375 10700 
Table B8 
James River Phytoplankton &~OVA Summary 8-12-75 
Parameters Stations and }'leans 
(Stations not sharing an underline are significantly different, a~ OS) 
Chl a m..rs HPW2 CBC HPEl HPS HPWl HPE2 JI Dis. CBE Int. HPN 
(mg.;-3) 3.2 3.2 3.6 3.6 3.8 3.8 4.4 4.6 4.6 6.7 9.2 10.3 
Prim. p3od. Dis. HPW2 JI HPS C.BC HPE2 HPWl HPEl DWS CBE Int. HPN ( --. - . -1) 16.7 17.6 19.B 22.0 22.0 28.5 29.6 36.4 40.3 41.2 65.6 71.7 mgL.m ·hr 
Assiul. ratio Dis. JI HPW2 HPS CBE CBC HPE2 Int. HP~~ HPWl HPEl DWS ( c C' .. -1· -1) mg .. mg .nJ..~ -nr 3.61 4. 36 5.54 5.67 6.16 6.23 7.04 7.19 7.39 7. 80 10.0 14.4 
Total cells HPW2 tiPS Dis. HPE2 HPWl JI HPEl DwS Int. CBC C.BE HPN 
(cells .ml-1) 525 625 675 700 ~so 1075 1225 1275 13JO 1550 2950 3150 
N 
w 
8u HPE1 Chroomonas sp. iiPS Dis. HPE2 HPW2 liPWl Int. JI CBC DWS HPN L.DE -......! 
j - -1-(cells.ml ) 25 25 75 100 100 100 175 250 .. 275 375 400 575 
15u Cryptophyte Dis. HPS HP~J2 nPE2 HP~~1 Int. DWS JI HPEl CBC CBE HPN / (cells. m.l-1) 75 175 175 250 250 275 275 300 425 800 850 1975 
Skeletonema costa tum JI CBE CBC HPW2 HPN HPS HPWl Dis. DWS HPEl HPE2 Int. 
(cells.ml-.L) 57 124.5 173 240 303 354 373 448.5 602.5 703 849.5 920.5 
Pleurosigma delica- JI CBE CBC HPW2 HPS HPN HPWl HPE2 DWS HPEl lJis. Int. 
tulum (cells. ml-l) 0 .5 1.5 4 10 10 17.5 23.5 38.5 50.5 85 198.-5 
Ee1osira subsalsa JJWS Int. HPL1 HP£2 Dis. JI HPS HPW2 HPWl CBC CRE HPN 
(cells. ml 1) 0 0 0 0 0 9 12 13 19 36 38 .. 5 77.5 
Table B9 
James River Phytoplankton ANOVA Sunnnary 9-8-75 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a~ .05) 
Chl a JI CBE Dis. HPWl CBC HPW2 DWS HPS HPEl HPE2 Int. HPN 
(mg·;-3) 3.6 4.0 4.0 4.2 4.3 5.0 5.8 5.9 6.2 6.4 6.9 10.0 
Prim. ~3od. JI Dis. HPW2 HPS Int. CBC CBE DWS HPEl HPWl HPN HPE2 
(mgC.m ·hr-1) 10.2 10.3 10.4 13.2 18.0 21.0 23.2 26.2 27.4 26.2 26.2 28.6 
Assim. ratio HPW2 HPS Dis. Int. HPN JI HPEl HPE2 DWS CBC CBE HPWl 
(mgC.mgChl~-~hr-1) 2.11 2.24 2.62 2.64 2.72 2.86 4.37 4.43 4.58 4.93 6.07 6.32 
Total cells Dis. HPS HPw2 JI CBC CBE Int. HPWl DWS HPEl HPN HPE2 
(cells.ml-1) 775 850 900 925 1525 1675 1675 1875 1950 2100 2200 2700 N w 
CX> 
8u Chroomonas sp. Dis. HPW2 HPS Int. JI CBC HPEl HPW1 HPN CBE DWS HPE2 
(cells .m1-l) 25 100 125 175 225 325 400 425 525 600 625 625 
15p Cryptophyte Dis. Int. HPW2 HPS JI DWS HPW1 CBE HPN HPEl CBC HPE2 
(cells .mr 1) 0 75 100 175 200 225 100 300 450 575 .S5-0 825 
Skeletonema cos tatum JI CBC CBE HPN HPS Dis. HPW2 DWS HPW1 HPE1 HPE2 Int. 
(ce11s-m1-l ~21.5 275 379 404.5 411 455 468 559 635 666 734 1042 
Pleurosi~a delica- JI CBC HPE2 HPN HPlv2 CBE HPS DWS HPW1 HPE1 Dis. Int. 
tulum (cells·m1-1) .5 3 6 8 8 10 11.5 15 15 19 27 49 
--
Melosira subsa1sa Dis. DWS HPE2 HPEl HPW1 Int. HPS HPW2 JI CBE CBC HPN 
(ce11s·m1-1) 2 3 5 6 6.5 7 8.5 15.5 16 23 31.5 33 
Table BlO 
James River Phytoplankton Ai~OVA Sunnnary 10-7-75 
Parameters Stations and Heans 
(Stations not snaring an underline are significantly different, as_ .05) 
Chl a HPN JI CSE CBC Dis. HPE2 DWS HPW2 HPEl HPS HPWl Int. 
(mg ·ffi-3) 2.8 3.2 3.3 4.4 4.4 4.6 5.0 6.4 6.6 6.9 7.2 7.4 
Prim. prod. HPN HPW2 JI HPS DV.JS HPE2 CBC HPEl Dis. CBE Int. HPWl 
(mgC -m.-~nr-1) l. 58 2.34 3.19 3.52 3.55 3.84 4.24 4.34 4.46 4.84 7.33 11.5 
.A..ssim. ratio HPVJ2 HPS HPN HPEl D\.JS HPE2 JI Int. CBC Dis. HP\.J1 CBE 
E c ~hl -lh -l) 
. 362 .512 • 548 .659 .728 .832 .980 .990 .998 1.01 L.59 1.63 \,mg ·mgL- a ·~ r 
Total cells HPN HPW2 DWS HPE2 HPS JI Dis. CBC HPEl CBE Int. HPWl 
(cells ·ml-1) 475 950 1125 1125 1225 1325 1475 1525 1600 1800 1975 4675 N 
VJ 
8u Chroomonas sp. HPN HPW2 HPE2 Int. DHS HPS Dis. JI HPEl CBC CBE HPWl 1.0 
(ce11s•ml 1-) 125 375 400 575 625 625 675 700 875 1025 1150 3400 
15,u Crypt~phyte HPN HPS CBE HPW2 mvs JI CBC HPE2 Dis. HPE1 HPW1 Int. 
(~ells. ml-1) 75 100 100 125 175 200 225 225 250 275 525 675 
Melosira subsalsa HPN HPE2 CBE DWS HPw2 JI HPWl CBC Dis. HPE1 HPS Int. 
(cells. ml-1) 37.5 58 64.5 78.5 99.5 111 125 125 152.5 168 182 218.5 
Table Bll 
James River Phytoplankton ANOVA Summary 11-5-75 
Parameters Stations and Heans 
(Stations not sharing an underline are significantly different, a<£,. 05) 
Chl a HPWl D\-J'S CBE HPEl CBC Dis. Int. HPE2 JI HPW2 HPS HPN 
(mg.;-3) 2.6 2.6 2.8 2.8 2.8 3.0 3.2 3.4 3.6 3.6 3.7 4.0 
Prim. prod. JI HPW2 HPE2 HPS Dis. CBC HPEl DWS Int. CBE HPWl HPN 
(mgC. m-3.hr-l) 3.73 3.82 3.96 4.09 4.80 5.25 5.65 5.69 5.82 6.36 8.22 8.59 
Assim. ratio JI HPWZ liPS HPE2 Dis. Int. CBC HPEl DWS HPN CBE HPWl 
(mgC.mgChl~-~hr-1) 1.05 1.05 1.11 1.19 1. 58 1.78 1.96 2.00 2.17 2.22 2.27 3.18 
Total cells Dis. JI · CBC HPE2 Int. HPS DWS HPN HPEl HPW2 HPWl CBE (cells. ml-1) 350 475 700 775 800 825 975 1000 1025 1100 1475 2225 
['.. 
Bp Chroomonas sp. JI Int. Dis. CBC HPE2 HPN .J:: HPW2 HPS DWS HPEl HPWl C.BE c 
(cells. ml-1) 50 75 75 175 225 225 275' 300 525 525 750 1225 
Skeletonema costatum CBE HPEl Int. JI HPN HPE2 DWS HPS Dis. HPW2 HPWl CB€ (cells. mi-l) 17 17.5 21 23 24 29.5 30 30.5 32 33.5 34.5 50.5 
Melosira subsalsa Dis. Int. HPE2 DWS CBE JI CBC HPWl HPS HPEl HPW2 HPN (cells. ml-1) 32 36.5 39.5 61.5 72.5 75 80.5 83 83.5 87.5. 100 201 
Pleurosigma delica- JI HPE2 HPS CBE HPN CBC HPEl HPW2 DWS HPWl Dis. Int. 
tulum (cells.ml 1) 0 .5 .5 .5 1 1 1.5 1.5 3 3 10 15 
Table Bl2 
James River Phytoplankton &.~OVA Summary 12-2-75 
Parameters Stations and l'1eans 
(Stations not sharing an underline are significantly different, a.~. 05) 
Chl a Int. DWS HPE 2 HPN HPW 1 HPE 1 HPW 2 Dis .. HPS JI CBE CBC 
- 3 (mg.m- ) 1.0 1.0 1.1 1.4 1.4 1.4 1.5 1.6 1.7 1.7 1.8 2.0 
Prim. prod. HPW 2 HPN HPS CBC JI DWS CBE HPW 1 HPE 1 Dis. Int. HPE 2 
(mgC. m-1nr-l) .950 1.07 1.10 1.12 1.16 1.18 1.18 1.53 1.70 1.70 2.01 2.16 
" . ass1.m. Ratio CBC CBE HPvJ 2 HPS JI HPN Dis. HPW 1 HPE 1 DWS HPE 2 Int .. 
(mgC .mgChl~-l.hr-1) .560 .633 .634 .647 .680 . 792 1.10 1.17 1.18 1.20 1.% 2 .. 14 
Total cells HPW 2 Dis. HPE 2 D~.JS CBC HPE 1 HPS HPW 1 Int. HPN JI CBE 
(cells-ml-1) 300 300 325 375 375 400 400 450 475 475 600 650 N 
~ 
1-" 
Nitzschia l<iitzingiana DWS Dis. HPE 2 HP\.J 2 CBC HPW 1 Int. HPE 1 HPS CBE JI HPN 
(cells-ml ±) 75 100 150 150 175 200 225 225 275 275 275 300 
Melosira subsalsa Dis. liPE 2 CBC CBE "J~~s HPE 1 HPS HPW 2 HPN HPW 1 Int. JI 
(cells-ml 1) 3 6 6.5 7 7.5 8.5 12.5 13 14.5 14.5 16 35.5 
Table Bl3 
James River Phytoplankton ANOVA Summary 1-21-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a, ~.05) 
Chl a DWS HPWl CBC HPW2 Dis. JI HPS HPW3 Int. CBE 
<yg· I-1) 3.4 3.7 4.2 4.3 4.4 4.6 4.9 5.2 5.7 6.8 
Total cells HPW2 HPW3 CBC HPS HPWl JI CBE DWS Int. Dis. 
(cells·ml-1) 300 350 400 450 450 525 625 775 850 1000 
Skeletonema costatum HPW3 CBE HPS JI HPWl HPW2 CBC DWS Int. Dis. 
(cells·ml 1) 10 24 33 34 42 61 80 195 332 407 
Table Bl4 
James River Phytoplankton ANOVA Summary 2-20-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, CJ S.· 05) 
Chl a JI HPW2 CBC HPW3 HPWl HPS DWS CBE Int. Dis. 
(ug·J.-1) 1.6 1.9 2.0 2.1 2.1 2.2 2 .. 6 2.8 3.2 3.4 
I 
Total cells CBC HPW3 HPW2 JI HPWl HPS CBE DWS Int. Dis. Dis. Int. 
(cells·m1-1) Can. Can. 
225 250 275 275 725 900 900 1250 1425 1475 1675 1725 
Skeletonema JI CBC HPW2 HPW3 HPl.J1 CBE HPS DWS Int. Dis. Dis. Int. 
cos tatum Can. Can. 
(cells·ml-1) 24 58 64 68 428 556 628 990 1010 1072 1080 1183 
Nitzschia JI DWS CBE Dis. Int. HPW2 CBC HPW3 Int. Dis. HPS HPWl N 
vermicular is Can. Can. +' VJ 
(cells·ml-1) 2 4 5 6 6 6 7 7 7 8.5 8 .. 5 17 
Table Bl5 
James River Phytoplankton ANOVA Summary 3-24-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ~· 05) 
Chl a CBE HPW3 DWS JI HPWl CBC HPW2 Dis. Int. HPS 
(ug·T-1) 1.2 1.6 2.0 2.4 2.6 3.4 3.6 4.0 4.4 4.4 
I 
Total celly Dis. Int. 
(cells•ml- ) DWS HPW3 Can. JI Int. HPWl Can. HPS HPW2 CBE CBC Dis. 
400 450 475 525 550 600 650 675 675 725 825 925 
Nitzschia Dis. Int. 
ktitzingiana Can. CBE DWS HPWl Can. HPW3 HPS Int. JI HPW2 Dis. CBC 
(cells•ml-1) 25 50 75 100 150 150 150 150 175 250 250 375 
Nitzschia Int. Dis. ('..) 
vermicularis CBE JI CBC HPW3 HPWl DWS HPW2 Int. HPS Dis. Can. Can. +:'-
(cells·ml-1) .5 1.5 3 3.5 6 7 19 19 30 33 36 36 +:'-
B.u flagellate Dis. Int. 
(cells·ml-1) Can. JI CBC Int. Can. HPS DWS Dis. HPW2 HPWl HPW3 CBE 
25 50 50 50 75 75 75 100 100 125 125 300 
Table Bl6 
James River Phytoplankton ANOVA Summary 4-23-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different" a ~· 05) 
Chl a CBE DWS JI CBC HPWl HPW3 HPW2 Dis. HPS Int. 
(ug· I-1) 3.4 3.4 3.6 5.6 5.6 5.7 7.0 7.2 10.2 16.4 
.•. 
Total cells Dis. Int:. 
(cells· ml-1) JI Can. Can~ CBC HPS HPWl HPW3 HPW2 Dis. DWS CBE Int .. 
1575 2025 2125 2375 2575 2625 2700 2700 2725 3400 8475 9800 
8p Chroomonas sp. Int. Dis. 
(cells·ml 1) Dis. Can. Can. Int. DWS JI HPS HPW2 HPWl CBC HPW3 CBE 
100 100 150 175 300 375 700 725 750 775 875 ,6425 
Cyc1ote1la Dis. Int. .N 
meneghiniana JI GBE GBC HPW3 HPW2 Can. Can. HPS HPW1 Dis. DWS Int. +" I.J1 (cel1s·ml-l) 50 50 75 100 125 150 150 150 200 225 450 975 
Coscinodiscus Int. Dis. 
lacustris Can. DWS Dis. Can. Int. CBE HPWl HPW2 HPS HPW3 CBC JI 
(cells·ml-1) 13 14 16 20 24 24 24 31 31 54 61 64 
Melosira subsalsa Dis. Int. 
(cells·ml-1) HPW3 HPW2 HPWl JI Can. Can. HPS CBE CBC Dis. llWS Int. 
125 175 325 350 450 450 450 550 575 650 2050 3600 
Nitzschia Dis. Int. 
kutzingiana CBE DWS JI CBC Can. Can. HPWl HPS HPW3 HPW2 Dis. Int. 
(cells· ml-1) 100 350 550 675 900 975 1025 1025 1350 1450 1450 3475 
Nitzschia Dis. Int. 
longissima HPW2 CBE JI CBC HPW3 DWS HPS HPWl Can. Dis. Can. Int. 
(cells· ml-1) 0 0 0 1 1.5 1.5 2 2.5 7 8 12 37 
Table Bl6 (Continued) 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ~.05) 
Nitzschia Dis. Int. 
vermicularis CBE CBC HPW3 DWS JI HPW2 HPWl Dis. HPS Can. Can. Int. 
(cells·ml-1) 0 0 .5 1 1 2.5 3.5 6 6 12 12.5 14.5 
3p flagellate Int. Dis. 
(cells·ml-1) Dis. Int. HPS HPW3 HPWl Can. Can. HPW2 CBC JI DWS CBE 
0 25 50 50 50 50 50 75 100 100 100 925 
Bp flagellate Dis. Int. 
(cells ·ml-1) HPW2 CBC Dis. Can. Can. HPWl HPW3 HPS Int. DWS JI CBE 





James River Phytoplankton ANOVA Summary 5-25-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ~. 05) 
Chl a DWS Dis. HPW3 HPS HPWl HPW2 Int .. CBE JI CBC 
(ug·I-1) 2.1 2.8 3.0 3.4 3.8 3.9 4 .. 0 4.2 5.3 5.6 
Total cells Dis. Int. 
(cells·ml-1) Dis. DWS Can. Int. Can. HPW2 HPW3 HPS HPWl CBC JI CBE 
550 650 725 750 825 925 1125 1175 1450 1700 1775 4275 
8u Chroomonas sp. Dis. Int. 
(cells·ml-1) DWS HPS HPWl Can. Dis. CBC Can. Int. HPW3 HPW2 CBE JI 
125 150 200 200 200 225 250 275 325 350 850 875 
I'V 
Cyclotel1a Int. Dis. +"-
......... 
meneghiniana JI Dis. Can. Int. Can. HPW2 DWS HPW1 HPS CBE HPW3 CBC 
(cells·ml-1) 25 75 75 75 100 100 100 125 125 150 150 200 
Rhizosolenia Int. Dis. 
minima JI HPW3 Dis. Can. Can. HPW2 Int. DWS CBC HPWl HPS CBE 
(cells·ml-1) 50 50 100 125 150 150 150 175 300 450 450 1900 
Nitzschia Int. Dis. 
kutzingiana DWS Dis. Can. Can. Int. HPW2 HPW3 HPS CBE HPW1 CBC JI 
(cells·ml-1) 25 50 50 75 75 175 225 250 325 325 500 500 
G~rosigma Dis. Int. 
distortum HPW3 JI CBC CBE HPWl HPS DWS HPW2 Can. Can. Dis. Int. 
(cells·m1-1 0 0 .5 .5 .5 .5 .5 1.5 5 5 6 13 
-----
3J.1 flagellate Dis. Int. 
(ce1ls·ml-l) Dis. HPW2 Int. Can. HPS Can. DWS HPWl JI HPW3 CBC CBE 
25 25 25 50 50 75 75 175 200 225 350 575 
----------------~--------
Table Bl8 
James River Phytoplankton ANOVA Summary 6-23-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a. ~.05) 
Chl a Dis. HPS HPW2 HPW3 HPWl CBC JI DWS Int. CBE 
(pg·I-1) 1.5 1.7 1.8 2.0 2.2 2.2 2.2 2.5 h.L ~ 
Total cells Dis. Int. 
(cells·ml-1) CBC Dis. HPS Can. Can. HPW2 DWS Int. HPW3 HPWl JI CBE 
775 850 1075 1275 1475 1725 1825 1925 2125 2400 3300 3825 
Bp Chroomonas sp. Dis. Int. 
(cells·ml-1) Dis. HPS Can. HPWl CBC Can. CBE Int. DWS HPW2 HPW3 JI 
25 125 275 350 375 450 450 550 675 750 1150 2425 
N 
15p Cryptophyte Int. Dis. +' 00 (cel1s·ml-1) Can. Dis. Can. CBC Int. HPS HPW2 HPWl JI HPW3 DWS CBE 
0 0 25 50 75 75 225 225 250 350 475 2600 
Rhizosolenia Int. Dis. 
minima JI CBC HPW3 CBE HPW2 Dis. Can. HPS Can. DWS Int. HPWl 
(cells·ml-1) 0 0 50 100 200 275 325 375 375 400 400 575 
Melosira subsalsa Int. Dis. 
(cells·ml-1) Can. CBC DWS HPS Dis. Can. CBE JI HPW3 Int. HPW2 HPWl 
25 25 50 50 50 75 125 150 175 200 200 225 
Nitzschia Int. Dis. 
kutzingiana DWS HPWl JI HPW3 HPW2 CBC Dis. HPS Can. Can. Int. CBE 
(ce1ls·ml-l) 75 125 150 175 175 225 300 325 325 350 475 500 
Glrosigma Dis. Int. 
distortum HPW3 CBE CBC JI HPW2 DWS HPS HPW1 Can. Dis. Can. Int. 
(cells·ml-1) 0 0 0 0 .5 1 1 1 1 1.5 1.5 8 
Table Bl8 
Parameters Stations and Means 


















































James River Phytoplankton ANOVA Summary 7-15-76 
Stations and Means 
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James River Phytoplankton ANOVA Sunnnary 8-11-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, (l~ .05) 
Chl a DWS JI HPWl Dis. HPW3 HPW2 CBE CBC HPS int. 
(pg·I-1) 1.7 2.0 2 .. 2 2.4 2.8 3.2 4.1 4 .• 1 5.2 5.4 
-----· ~· -· -- ·-
Total cells Int. Dis. 
(cells·ml-1) Dis. HPW2 JI DWS HPW3 HPWl Can. Can. HPS Int. CBE CBC 
1450 1525 1525 1550 1700 1875 1875 1875 2000 2450 2725 4000 
8u Chroomonas sp. Dis. Int. 
(cells·ml~ JI Dis. HPvJ2 Can. HPWl HPS DWS HPW3 Can. Int. CBE CBC 
300 350 450 625 650 650 675 675 800 1275 1450 1575 
-
Le:etocylindrus Int. Dis. N 
minimus JI HPW3 Can. Can. CBE Dis. HPS HPW2 DWS HPWl CBC Int. V1 1-' 
(cells·ml-1 100 250 250 325 325 375 400 400 450 475 475 525 
Ske1etonema Dis. Int. 
costa tum Can. DWS Dis. Int. HPS Can. HPWl CBC HPW2 HPW3 CBE JI 
(cells·ml-1) 16 20 20 29 57 68 97 101 114 170 205 401 
-----.. --------·~---
P1eurosigma Dis. Int. 
delicatulum HPWl DWS CBE CBC Dis. Can. JI Can. HPW3 HPW2 Iut. HPS 
(ce1ls·ml-1) 13 18 20 23 32 38 40 46 49 62 112 142 
Table B21 
James River Phytoplankton ANOVA Sunnnary 9-14-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different,a~ .05) 
Chl a HPW3 Dis. HPW2 CBC JI Int. DWS HPS HPWl CBE 
(pg·I-1) 2.6 4.3 4.7 4.8 4.0 5.3 5.5 6.5 6.6 8.7 
Total cells Dis. Int. 
(cells·ml-1) Dis. HPW3 Can. CBC JI Can. Int. HPW2 HPS HPWl DWS CBE 
1750 1925 2000 2200 2250 2450 2600 2925 4150 4900 5925 11450 
Bp Chroomonas sp. Dis. Int. 
(cells·ml-1) Dis. HPW3 Can. Can. CBC Int. JI HPW2 HPS HPWl DWS CBE 
325 350 350 450 500 600 650 925 1450 1450 2375 3700 
N 
16)1 Chroomonas sp. Dis. Int. V1 
(cells·ml-1) Int. HPW3 HPWl Can. DWS Can. Dis. JI HPW2 CBC HPS CBE N 
50 50 50 50 75 75 75 75 100 125 175 925 
Katodinium Dis. Int. 
rotunda tum HPW3 Can. Dis. Int. Can. CBC JI HPW2 DWS HPS HPWl CBE 
(cells•ml-1) 0 25 25 50 50 75 100 175 225 225 225 750 
Rhizosolenia Int. Dis. 
minima Can. Can. Dis. DWS Int. HPS HPW3 JI HPWl HPW2 CBC CBE 
(cells·ml-1) 25 25 25 50 50 225 225 225 300 325 325 1400 
LeEtocllindrus Dis. Int. 
minimus Dis. CBC JI Int. HPW3 HPS Can. Can. HPW2 HPWl CBE DWS 
(cells•ml-1) 175 175 175 200 250 275 275 275 375 425 1150 1225 
Skeletonema Dis. Int. 
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James River Phytoplankton ANOVA Summary 10-14-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, aS,. 05) 
Chl a* CBC Dis. HPW3 DWS CBE HPW2 HPS Int. JI 
<pg·I-1) ') 4 ~i. 8 2. ~; ') ~ 3.2 '~. 0 4.0 4.2 4.2 .t.. .. J. '• .. .i 
Total cells Int. Dis. 
(cells·ml-1) Jl EPH2 CBC Can. f·~JS HFW.3 Can. Dis. lat. HP\.Vl HPS CB:~ 
625 950 1000 1025 1050 1075 11.00 1125 1325 1425 1L50 1775 
Bp s;h;- ·>erroaas sp. Int .. Dis. 
(cells ·ml-1) TT Can. HPP3 Int. HPTJ2 Dis. DWS Can. CBC HPWl CBE HPS '"-~ ..J.. 
225 275 300 325 325 325 350 350 375 625 700 725 
N 
15)1 Cryptolhyte Int. Dis. V1 .p. 
(cells·ml- ) Int. HPW2 JI DWS HPS HPWl Can. Can. Dis. CBC CBE HPW3 
25 25 25 50 50 50 50 50 50 50 100 175 
Helosira subsalsa Dis. Int. 
(cells·ml-1) Dis. Can. DWS CBC Can. HPW3 Int. HPW2 JI CBE HPWl HPS 
100 150 175 175 200 225 275 325 325 400 500 475 , ______________ .. _________ ...... -·-------
' .. ... . ~ ·-··· ~ .. ~ .. ·-- ___ .. -~--
Nitzschia Dis. Int. 
kutzingian2:_ JI HPW3 HPS Dis. HPW2 HPWl Can. CBC Can. DWS Int. CBE 
(cells·ml-1) 50 75 100 100 125 125 125 125 150 175 200 200 
Pleurosigma Dis. Int. 
delicatulum JI HPW2 HPW3 CBE HPS CBC DWS HPWl Can. Can. Dis. Int. 
(cells•ml-1) • 5 2 2 .2 5 4 8 10 37 38 38 58 
Gyrosigma Int. Dis. 
beaufortianum HPWl HPW3 JI HPS HPW2 CBC CBE DWS Can. Dis. Can. Int. (cells•ml-1) 0 .5 .5 1 1 1 2 2 6 6 6 14 
---- ------------ ~ ------
• • ··-•••·-._ 00> -~--~-~ -- ~- ____ _,.,,_,_, _____ _.._H _______ .,, ___ 
* HPWl: one sample lost. 
Table B22 
Parameters Stations and Means 





























James River Phytoplankton ANOVA Summary 11-17-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a.~. 05) 
Chl a DWS CBE HPW3 HPWl Int. HPW2 JI CBC HPS Dis. 
(ug·I-1) .8 .9 1.0 1.1 1.4 1.7 1.8 2.0 2.2 2.8 
Total cells Int. Dis. 
(cells•ml-1) HPW2 HPS HPWl Dis. DWS HPW3 Can. Int. CBC JI Can. CBE 
325 350 350 350 375 400 400 450 450 450 475 600 
Bp Chroomonas sp. Dis. Int. 
(cells·ml-1) HPS HPW3 DWS HPW2 Can. JI HPWl Can. Dis. CBC Int. CBE 
75 75 125 125 125 125 150 150 150 150 175 200 
Nitzschia Int. Dis. N U1 
klitzingiana Int. Can. Dis. DWS HPWl HPS Can. CBE HPW2 JI HPW3 CBC 0'\ 
(cells·ml-1) 50 50 50 100 100 125 125 125 175 225 225 225 
.N-"""-··-·----.-..-..w, ...... ,_ .. ~ ... 
Ske1etonema Int. Dis. 
cos tatum HPW2 CBE CBC JI HPW3 HPWl HPS Int. Can. Dis. Can. DWS 
(ce1ls·ml-1) 0 0 0 3 3 3 4 6 7 8 8 10 
Table B24 
James River Phytoplankton ANOVA Summary 12-10-76 
Parameters .Stations and Means 
(Stations not sharing an underline are significantly different.o. ~ .05) 
Chl a HPWl CBE Int. Dis. DWS CBC JI HPS HPW3 ·HPw2 
(ug·1-l) 1.0 1.0 L.4 1.4 1.5 1.6 2.0 2.5 2.7 3.4 
~ ....... ,·---·- ~~-·--·-···-·-"'·~ ·- --- -- ~- ---··-- ••• ·-··-~ v -----~-· 
Total cells Int. Dis. 
(cells·ml-1) CB.C HPWl Can. Int. HPS HPW2 Dis. Can .. JI DWS HPWJ CBE 
250 350 375 375 400 425 425 450 475 550 -625 725 
8p Chroomonas sp. Int. Dis. (cells•ml-1) HPW3 HPW2 HPWl CBC JI Int. Can. DWS RPS Dis. Can. ·CBE 
50 100 125 125 125 150 150 175 200 200 250 . 425. 
--~--------·-------
Nitzschia Int .. Dis .. ·~ U'1 
ki.itzingiana Can. Can. CBE Int. HPHl CBC Dis. JI HPS DWS HPW2 HPW3 ....... (cells ·ml-1) 0 50 50 75 75 100 125 150 175 200 250 425 
-----·------···· ·~ 
Skeletonema Int. Dis. 
cos tatum JI CBC CBE HPW3 HPW2 HPWl Int. DWS Can. Dis .. Can. HPS (cells"ml-1) 0 0 0 0 0 0 2 3 3 3 4 6 
3u flagellate Dis. Int. 
(cells· ml-1) HPW3 CBC JI HPW2 Can. HPS Can. Dis. DWS Int. HPWl CBE 
25 25 25 50 50 75 75 100 125 125 125 150 
·---~-·----- -·--·- ·-···- ------~-·~-·--·-- -------·------------- . --------· ---- ----------------
Table B25 
James River Phytoplankton ANOVA Summary 2-23-77 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a. ~. 05) 
Chl ~ (~g·1-1 ) CBE JI CBC HPW3 HPW2 HPW1 DWS Dis. Int. HPS 
3.2 5.2 5.2 5.6 5.6 6.0 6.4 7.6 9.6 10.2 
Total cells (cells·m1-1) JI CBC HPW2 HPW3 CBE HPW1 HPS DWS Dis. IC:J? DC Int. ICU 
1050 2250 2400 2625 2700 2950 3525 4400 4800 5750 5850 5850 7050 
8~ Chroomonas sp. (cells·m1-1) Int. ICD CBE HPW3 HPW1 ICU CBC DWS HPW2 Dis. DC JI HPS 
13 13 20 26 26 26 26 26 32 32 39 46 65 
16~ Chroomonas sp. (cells·m1-1) DWS CRC CBE HPS HPW3 HPW1 HPW2 ICD Dis. JI Int. ICU DC 
0 0 6 13 13 13 20 20 20 20 32 39 64 N V1 
CX> 
Cryptomonas sp. -1 (cells·m1 ) JI HPW3 HPW2 HPS DWS HPW1 ICD DC Dis. CBC ICU CBE Int. 
6 13 20 39 39 64 64 64 64 71 90 97 122 
Chaetoceros sp. -1 (cells ·m1 ) JI CBC HPW2 CBE HPW3 HPS HPW1 Dis. DC DWS ICD Int. ICU 
607 1590 1939 2055 2152 2268 2333 2462 2592 2818 3134 3218 3761 
-1 Skeletonema costatum (cells-m1 ) JI CBE CBC HPW3 HPW2 HPW1 HPS DWS Dis. Int. ICD DC ICU 
52 122 169 191 192 377 756 1288 2016 2256 2378 2843 2844 
Nitzschia vermicularis DC ICD ICU Int. Dis. CBE HPW1 DWS JI HPW2 HPS CBC HPW3 
(cells·m1-1) 2 2 2 3 4 9 15 18 36 40 42 42 43 
Table ~5 (Continued) 
Amphiprora sp. (cells•ml-l) DWS ICU ICD HPWl DC Dis. CBE Int. HPS HPW3 CBC JI HPW2 
1 1 1 2 2 2 2 2 7 9 9 10 11 
Asterionella japonica HPW3 HPW2 CBE CBC JI HPWl DWS HPS Dis. !CD Int. ICU DC 
(cells·ml-1) 0 {) 0 0 0 6 6 10 24 42 44 4b 51 
Asterionella formosa DWS Int. ICU ICD DC Dis. HPW2 HPS HPWl CBC JI CBE HPWJ 
(c€lls • ml -1) 0 0 0 0 0 0 2 4 4 4 4 6 7 
Table B-26 
James River Phytoplankton ANOVA Summary 4-13-77 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a (.OS) 
Chl a (llg 1-1) HPW1 CBC CBE Int. Dis. HPS JI HPW2 DWS HPW3 
4.0 4.1 4.4 6.4 6.6 6.8 7.8 8.4 9.5 12.2 
Total cells (cells·m1-1) HPW1 HPS Dis. Int. DC ICU ICD HPW2 CBC CBE JI DWS HPW3 
1875 1925 2025 2100 2400 2725 2750 2950 3850 407-5 5150 7750 8075 
(cells·ml-1) 
HPS Dis. Int. JI HPW2 DC HPW1 ICD ICU H[ft Gftf2 Dff1s %4 8~ Chroomonas sp. 271 310 349 349 375 401 542 543 634 
Cryptomonas sp. (cells ·m1 -l) ICD DC HPS HPW1 Int. ICU CBC Dis. JI HPW3 HPW2 DWS CBE 




-1 (cells.ml ) HPW1 CBE Int. Dis. DC HPS HPW2 ICD ICU CBC JI DWS HPW3 0 
287 298 445 474 562 573 644 691 873 1939 2999 4537 5480 
Melosira ambigua (cells·ml-1) CBE HPT-11 Dis. ICD Int. DC HPS ICU CBC DWS HPW2 JI HPTv3 
8 9 15 22 26 26 42 58 117 124 224 280 295 
Cyclotella ~~neghiniana DC Dis. HPW2 CBE HPW1 ICD Int. HPS HPW3 ICU CBC JI DWS 
(cells·m1-1) 0 39 52 64 64 90 129 142 142 155 181 220 310 
Nitzschia kutzingiana -1 (cells ·m1 ) CBE HPW2 ·cBC HPS ICU ICD JI HPW1 Int. DC DWS Dis. HPW3 
78 194 207 233 246 246 258 284 284 310 349 426 478 
Nitzschia vermicularis HPW3 CB~ Jr CBC HPW2 HPS DWS HPW1 ICU Int. DC ICD Dis. 
(cells ·m1-1) 0 0 1 2 2 4 6 8 12 14 15 16 17 
Table B26 
Synedra ulna (cells·ml-1) Int. Dis. ICD I<"'U DC HPWl CBE H:PS DWS CBC JI HPW3 HPW2 
0 0 1 2 2 2 3 4 12 14 18 22 24 
--~~~~~====~~~~~~~---
Table B27 
James River Phytoplankton ANOVA Summary 5-12-77 
.. 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a. ~. 05) 
Chl a (llg·l-1) HPW1 CBC Dis. CBE HPS Int. DWS JI HPW3 HPW2 
3.6 4.8 5.4 6.0 6.3 6.7 7.2 9.0 10.8 11.8 
Total cells (cells·m1-1) Dis. ICU ICD Int. DWS DC HPW1 HPS CBC HPW3 HPW2 CBE JI 
850 1300 1350 1700 1725 1725 2000 3675 3675 4075 4150 4875 5925 
8 11 Chroomonas sp. (cells·m1-1) HPW1 HPW3 JI Dis. CBC CBE ICU DWS HPS ICD HPW2 Int. DC 
13 26 26 39 78 90 90 116 116 130 232 272 284 
Melosira subsalsa (cells·m1-1) ICD Int. Dis. DC DWS ICU HPW1 HPW2 CBC HPS HPW3 CBE JI 
----- N 52 78 78 181 182 414 569 698 802 1047 1460 1952 4098 0\ 
N 
Skeletonema costatum CBE CBC JI HPW1 ICU DC Dis. ICD Int. HPS DWS HPW3 HPW2 
(cells ·m1-1) 0 0 26 26 52 52 65 104 155 168 310 452 698 
Cyclotella meneghiniana ICD CBC ICU DC Dis. JI m~s HPW3 HPW2 CBE HPW1 Int. HPS 
(cells •m1-1) 13 64 90 129 181 181 329 336 349 426 466 466 504 
Nitzschia kutzingiana Dis. Int. ICU DC ICD DWS HPW1 HPW2 HPS JI HPW3 CBE CBC 
(cells ·m1-1) 142 233 272 323 336 362 582 750 1280 1318 1500 1771 2004 
Table B28 
James River Phytoplankton ANOVA Summary 6-13-77 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ~. 05) 
Chl a -1 HPW1 HPS DWS Dis. CBE CBC JI HPW3 HPW2 Int. {lJg·l ) 
2.9 3 .. 1 3.2 3.6 4.1 4.4 4.8 5 .. 0 5.2 5.8 
Total cells (cells ·ml-1) Dis. HPS HPWl Int. DC ICD CBC ICU JI HPW2 HPW3 DWS CBE 
650 850 1025 1175 1200 1300 1375 1675 1850 2050 2125 2250 3275 
8~ Chroomonas sp. (cells ·ml-1) DWS HPW1 HPS Dis. Int. DC ICU CBC HPW3 Icn HPW2 JI CBE 
194 194 265 336 362 375 466 478 510 517 834 834 1448 
16J.1 Chroomonas sp. (cells ·ml - 1) DWS ICD DC HPW1 Int. HPW3 Dis. JI HPS CBC CBE ICU HPW2 
39 52 52 78 103 116 116 116 129 148 180 207 297 N 0'\ 
w 
Katodinium rotundatum DWS HPHl DC Dis. ICU HPS Int. CBC ICD J1 HPW2 CBE HPW3 
(cells·ml-1) 0 0 0 0 26 32 39 52 65 97 142 162 233 
Melosira subsalsa -1 (cells --ml ) ICD DC Dis. HPW2 ICU J1 CBC HPW3 Int. HPS HPWl CBE DWS 
0 0 0 39 52 90 110 129 129 142 187 232 264 
Rhizosolenia minima (cells ·m1 -l) ICU DC Dis. HPS Int. ICD JI CBC DWS HPW2 HPW3 'CBE HPWl 
0 Q 13 13 26 26 32 39 58 58 72 148 155 
Nitzschia kutzingiana DWS DC HPW2 CBC HPWl Dis. ICD ICU HPW3 HPS Int. CBE JI 
(cells ·ml -l) 13 26 39 39 46 52 64 65 71 84 129 162 181 
Pyramimonas sp. (cells ·m1 -l) HPS ICD DC Int. Dis. HPWl CBE ICU JI CBC HPW2 DWS HPW3 
39 52 52 64 78 90 110 155 162 181 214 226 407 
Table B28 (Continued) 
Ankistrodesmus sp. (cells·rn1-1) Dis. Int. ICU DC HPS ICD HPW1 HPW2 DWS CBC HPW3 JI CBE 
0 13 13 13 26 26 32 52 96 110 162 188 252 
-1 3~ ?lagellate (cells·m1 ) HPS JI Dis. HPW1 HPW2 CBC Int. HPW3 DWS CBE ICD ICU DC 
13 20 26 58 78 90 103 110 122 188 388 440 492 
Table B29 
James River Phytoplankton ANOVA Summary 7-12-77 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different,o. ::;_.05) 
Chl a (].lg·l-1 ) 
Total cells (cells. m1 - 1) 
8~ Chroomonas sp. (cells· m1 -1) 
16 ~ Chromuonas sp. (cells•m1-1) 
Katodinium rotundatum (cells·m1-1) 
Leptocylindrus minimus (cells·ml-1) 
Chaetoceros sp. (cells--m1-l) 





















































































































































James River Phytoplankton ANOVA Summary 7-21-77 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different,~ (.05) 
Total cells (cells·m1-1) 
8~ Chroomonas sp. (cells·m1-1) 
Katodinium rotundatum (cells·ml-1) 
Chaetoceros sp. (cells·m1 - 1) 
Skeletonema costatum (cells·ml -1) 
Nitzschia longissima (cells·ml-1) 





























































Dis. Int. ICD DC ICU 
____ 6 ___________ 1_1 ____________ 1_1 ________ ~12~ ____________ 1_3 
Table B31 
James River Phytoplankton ANOVA Summary 8-16-77 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a (.OS) 
-1) DWS CBE JI CBC HPS Dis. HPW1 HPW3 Int. HPW2 Chl ~ (llg·l 
4 .. 3 7 .. 6 7.9 9.5 9.6 10.0 10.2 10.4 10.8 11.5 
Total cells (cells•ml -1) Dis. DC HPS CBC DWS CBE HPW2 HPW1 ICD Int. ICU JI HPW3 
1300 1350 1550 1750 1750 1850 2100 2300 2450 2450 2500 2750 2800 
8l.l Chroomonas sp. (cells. ml -1) Dis. DC HPS CBE CBC HPW1 ICD ICU Int. HPW2 DWS JI HPW3 
26 233 426 568 569 736 750 776 866 866 930 1266 1512 
16l.l Chroomonas sp. (cells·ml-1) Dis. DC ICD ICU DWS CBC HPS HPW3 HPW2 Int. HPW1 CBE JI 
0 0 26 26 65 65 90 90 90 103 104 142 258 N 
0'\ 
....... 
Katodinium rotundatum Dis. nr HPS CBC Int. DWS ICD ICU HPW3 CBE HPW2 JI HPW1 
(cells"ml-1~ 0 0 78 104 142 149 155 194 258 271 272 466 542 
Skeletonema costatum DWS HPW2 EPS HPW1 CBE HPW3 ICD Dis. Int. CBC ICU DC JI 
(cells.i~t1-1 ) 12 38 48 48 55 57 64 71 78 92 92 100 121 
Cyclotella meneghinian ~ ICD Int. DWS ,TT ICU HPW1 HPW3 HPW2 CBC HPS CBE DC Dis. 
(cells ·m1 -1) 13 26 32 52 52 52 52 64 65 78 90 130 142 
Chaetoceros sp. (cells-.ml - 1) HPWl Dis. HPS Int. HPW3 DWS ICU ICD DC CBC CBE HPW2 JI 
12 12 14 16 17 19 20 24 26 27 28 30 51 
Leptocylindrus minimus HPS HPW2 CBE DC ICU DWS CBC HPW1 JI Int. Dis. ICD HPW3 
(cells·ml-1) 0 0 n 26 26 52 52 64 78 90 90 104 168 
Table B,:31 (Continued) 
Rhizosolenia minima (cells·m1-1) HPW3 HPW2 ICD DC ICU Int. Dis. DWS HPS HPW1 CBC JI CBE 
26 26 39 52 64 65 104 104 116 142 142 142 232 
Gyrosigma beaufortianum DWS JI CBE HPW2 HPW3 HPS HPWl DC ICD CBC ICU Dis. Int. 
(cells·m1-1) 62 80 116 213 222 224 225 240 256 266 302 347 465 
Nitzschia l~~gissima DW~ HPW2 HPS HPW3 JT Int. CBE CBC HPW1 Dis. ICD ICU DC 
(cells·rnl-1 \ 6 13 17 18 19 24 26 30 36 57 64 65 Z?J. 
Pyramirnonas sp. (cells·ml -l) HPW1 ICD DC CBC DWS Int. Dis. CBE HPS HPW2 JI HPW3 ICU 
39 52 65 78 97 104 104 104 116 129 142 181 246 
3~ Flagellate (cells.ml-1) HPW2 HPW1 ICU DC CBC JI Dis. HPW3 HPS Int. CBE DWS ICD 




James River Phytoplankton ANOVA Summary 9-6-77 
Parameters Stations and Heans 
(Stations not sharing an underline are significantly different, a ~.05) 
Total cells -1 (cells·m1 ) Dis. DWS DC HPS CBE HPlv1 ICD Int. ICU JI HPW3 HPW2 CBC 
1850 2100 2350 2600 2700 2900 3050 3050 3400 3450 3750 3900 4150 
811 Chroomonas sp. -1 (cells·m1 ) Dis. DC DWS CBE HPW1 HPS ICU ICD Int. JI HPW3 HPW2 CBC 
233 426 491 543 620 646 685 698 776 1202 1241 1279 1629 
1611 Chroomonas sp. -1 (cells·m1 ) DWS Dis. DC Int. ICD HPS HPW3 HPW1 ICU CBE JI HPW2 CBC 
0- 13 39 52 65 78 78 78 90 194 232 246 258 
Cryptomonas sp. -1 (cells·m1 ) ICU ICD DC JI Int. Dis. HPS HPW2 DWS HPW1 CBC HPW3 CBE 
0 0 0 13 52 52 64 90 103 155 155 168 284 N 
"" 1..0 
Katodinium rotundatum DC Dis. ICD mvs HPlv1 HPS CBE ICU Int. HPW3 JI HPW2 CBC 
-1 (cells· m1 ) 0 13 78 136 155 194 258 258 259 414 440 582 633 
Leptocylinci_!:_us minimus CBE nc JI Int. CBC HPW3 ICD HPl-12 Dis. ICU HPW1 DWS HPS 
(cells·m1-1) 90 90 129 168 181 194 220 220 258 272 284 362 388 
Rhizosolenia minima -1 (cells·m1 ) ICD DC Dis. ICU Int. DWS CBE JI HPS HPW3 HPW1 HPW2 CBC 
13 26 39 52 52 181 207 310 323 323 374 374 556 
Cyclotella meneghiniana HPW3 CBE CBC HPW2 HPW1 DC DWS HPS ICU JI Dis. Int. ICD 
(cells·m1 1) 13 26 39 77 90 104 110 116 130 181 181 207 284 
Skeletonema costa tum Dis. HPS CBE CBC HPW3 DC DWS HPW1 ICD Int. HPlv2 ICU JI 
-
(cells·m1 -1) 0 15 20 20 22 24 42 44 48 50 50 53 128 
Table B32 (Continued) 
Nitzschia longissima CBC JI DWS HPW2 HPW1 CBE Int. HPW3 HPS Dis. ICU ICD DC 
(cells·m1-1) 13 
26 130 142 168 181 220 220 246 349 400 491 646 
Gyrosigma beaufortianum CBE JI CBC HPW1 DWS HPt.J2 HPS Dis. HPW3 DC ICD Int. ICU 
(cells·m1-1) 4 16 74 102 106 297 384 403 405 670 863 890 1066 
Gyro sigma sp. (cells·m1-1) mvs CBE CBC Dis. JI HPW1 ICU Int. ICD DC HPW2 HPS HPW3 
0 0 2 3 4 5 5 6 6 7 8 18 48 
-1 Pyramimonas sp. (cells·m1 ) ICD Int. HPS ICU DC Dis. HPW2 HPW3 CBC DWS JI HPW1 CBE 
39 90 90 90 90 130 194 349 362 375 478 608 633 
3~ Flagellate (cells·m1-1) DC ICD CBE HPS Dis. ICU DWS HPW1 Int. CBC HPW2 HPW3 JI 




.James River Phytoplankton ANOVA Summary 11-9-77 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a (.05) 
Chl a -1 (llg·l ) HPWl DWS CBC CBE Dis. HPW2 HPS Int. JI HPW3 
1.6 2.0 2.0 2.2 2.2 2.2 2.4 2.6 2.8 3.0 
Total cells -I (cells·ml ) Dis. HPW2 HPWl ICD DC HPW3 JI DWS HPS CBE ICU CBC Int. 
400 400 400 550 550 550 600 700 700 750 750 800 850 
811 Chroomonas sp. -1 (cells"m1 ) HPWl HPW2 HPW3 JI ICD Dis. DC CBC ICU CBE HPS Int. DWS 
90 174 188 214 214 226 246 252 278 278 284 298 398 
16 11 Chroomonas sp. -1 (cells· ml ) Dis. HPW2 HPWl DC ICD JI HPS ICU CBC CBE DWS HPW3 Int. 
39 58 58 78 84 84 96 116 136 142 142 155 181 f-.,) 
......... 
t-l 
Katodinium rotundatum DWS HPW1 Dis . JI HPW2 HPW3 ICD CBE DC Int. HPS ICU CBC 
(cells·ml-1) 10 20 26 26 32 64 65 72 Z8 78 90 129 142 
Skeletonema costatum Dis. ICD DWS ICU DC HPS HPW2 Int. HPW3 CBE HPWl JI CBC 
-1 0 8 8 15 18 32 33 34 35 37 44 93 100 (cells·ml ) 
Nitzschia longissima DWS CBC HPW3 HPW2 JI DC CBE ICU ICD Dis. HPWl HPS Int. 
-1 6 6 20 20 20 26 26 32 39 39 52 58 78 (cells ·ml ) 
3 ~Flagellate -1 (cells .ml ) JI Dis. HPW3 HPW2 HPWl CBC DC Int. DWS HPS ICD CBE ICU 
13 13 26 26 39 39 39 52 55 84 90 97 110 
Amphiprora sp. -1 (cells. ml ) HPW2 CBE JI CRC HP\.J3 HPS HPW1 DC DWS ICD ICU Dis. Int. 
0 0 1 1 1 4 4 4 6 7 10 10 15 
Table B34 
James River Phytoplankton ANOVA Sununary 2-28-78 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, (l ~.05) 
Chl ~ {pg ·1-1) CBE HPH"l CBC JI HPS HPW3 HPH2 m.Js INT Dis. 
1.5 1.7 1.7 1.8 1.8 2.0 2.1 2.3 2.3 3.0 
Total cells (cells·ml-1) HPW2 HPW3 JI CBC HPl.Jl CBE HPS Dl.JS INT ICU DC ICD Dis. 
127 157 192 235 352 356 397 474 721 871 1061 1166 1296 
8 p Chroomonas sp. (cells·ml-1 ) Dis. CBC HPW2 HPS DWS HPvl3 CBE INT JI HPWl DC ICD ICU 
7 9 10 11 12 15 15 16 18 22 23 24 24 
16 p Chroomonas sp. (cells·ml-1 ) HPW2 JI ICU HPW3 ICD DC CBE HPS INT Dis. CBC HPWl Dl.JS 
1 2 2 4 4 4 5 6 7 8 8 9 28 
Katodinium rotundatum HPW3 HPl\12 JI HPS DC CBC HPWl Dis. ICU INT CBE ICD Dl.JS 
(cells ·ml-1) 0 0 1 7 7 8 11 11 12 13 14 14 47 
Cyc1ote11a sp.1(ce11s·m1-1) HP\v2 N CBE JI ICD CBC HPl.J1 DWS HPS ICU DC INT HP,.V3 Dis. ....... 
0 0 1 2 3 4 5 5 5 6 9 11 11 N 
Cyc1ote1la meneghiniana HPW2 HPW3 Dl.JS HPS Dis. INT HPWl CBE CBC DC ICD ICU JI 
(ce11s•m1-l) 0 1 2 2 2 3 3 4 8 8 9 10 10 
Cyc1ote11a sp.2(cel1s·m1-1 ) ICU ICD DWS INT DC HPS CBE CBC Dis. HPW1 HPl.J3 JI HPW2 
4 5 6 8 8 9 11 11 12 14 15 15 28 
Ske1etonema costatum (ce1ls·m1-l) HPW2 HP1.J3 JI CBC HPWl CBE HPS INT ICU DvlS DC ICD Dis. 
44 80 86 121 192 225 296 507 610 703 791 954 1051 
Chaetoceros sp. (ce1ls·m1-1) HPW2 HPW3 JI HPS CBC CBE HPl.J1 INT Dis. ICU ICD DC DWS 
2 5 5 20 21 34 41 76 89 105 109 119 137 
Table B34 
James River Phytoplankton ANOVA Summary 2-28-78 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a~ .05) 
Asterionella iaponica HPW3 HPW2 JI CBC CBE DHS HPS DC HPWl INT ICD ICU Dis~ 
(cells·ml ) 0 0 0 3 4 6 6 7 8 14 . 19 25 3li 
Ankistrodesmus sp. (cells·ml-1) HPW3 INT HP\.Jl Dis. DC HPW2 ICU HPS CBC CBE JI ICD DWS 
0 1 1 1 1 3 4 5 5 6 6 6 B 
Cryptomonas sp. (cells·ml-1 ) DWS CBE HPW3 HPWl HPS INT ICU CBC ICD Dis. DC JI HPW2 
0 0 1 1 2 2 2 3 3 3 5 6 11 
Table B35 
James River Phytoplankton ANOVA Summary 4-18-78 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a < .05) 
Chl ~ (pg·l-1) HPWl DWS CBE HPW3 HPS CBC JI HPW2 Dis. INT 
1.2 1.2 1.4 1.5 1.8 1.8 2.0 2.2 2.6 2.6 
Total Cells (cells·ml-1) HPW2 HPWl DC ICD CBE DWS ICU CBC JI INT HPS HP~v3 Dis. 
698 698 736 776 828 912 1189 1190 1280 1318 1383 1383 1576 
8 ? Chroomonas sp. (cells·ml-1) Dis. CBC JI HPWl CBE HPS HPW2 DWS DC ICD IC U HPW3 INT 
26 26 26 39 39 52 64 78 78 78 90 90 232 
16 p Chroomonas -1 HPW2 CBE HPW3 HP\Vl Dis. DWS ICD ICU INT sp. (cells·ml ) CBC JI DC HPS 
0 0 13 13 13 13 26 32 52 90 90 104 129 
5 ll Cryptophyte (cells·ml-1) HPWl DC INT HPW2 ICU ICD DlvS JI Dis. CBE CBC HPS HPtv3 
I 52 52 104 116 130 130 148 181 232 246 258 284 375 
Melosira subsalsa (cells·ml-1) JI HPS HPW2 HPWl CBE HPW3 DWS ICU CBC INT ICD DC Dis. N 
........ 
26 52 64 64 64 90 116 116 130 155 168 207 232 +' 
Cyclotella meneghiniana INT CBE DWS Dis. HPS DC ICD ICU HPW2 HPWl HPW3 CBC JI 
(cells·ml-1) 0 0 26 52 64 78 90 103 129 129 142 206 284 
Nitzschia kUtzingiana (cells·ml-1) DWS ICU ICD DC CBE INT HPWl HPW2 Dis. HPW3 HPS JI CBC 
39 78 78 90 103 104 129 130 130 181 207 298 336 
Nitzschia vermicularis HPW2 HPW3 CBE CBC JI m.Js DC HPWl HPS ICU INT ICD Dis. 
(cells · ml-I ) 0 0 0 0 0 .5 4 6 7 7 11 11 17 
Ankistrodesmus sp. CBE CBC ICD DC HPW2 INT JI HPS HPW3 DWS ICU HPWl Dis. 
(ce1ls·ml-1) 13 13 13 13 39 52 65 78 90 91 155 156 232 
3? Flagellate (cells·ml-1) DWS ICD DC HPS HPWl HPW2 INT ICU HPW3 CBC CBE JI Dis. 
13 13 26 39 39 52 78 78 90 90 104 129 207 
Table B36 
James River Phytoplankton ~OVA Sunnnary 5-23-78 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ~.05) 
Ch1 i!_ (llg·l-1) CBE HPWl Dis. INT JI CBC ll\TS HPS HPW2 HPW3 
5.9 6.9 7.0 7.2 8.5 8.8 10.2 10.4 13.0 15.7 
Total cells ( cells·ml-1) DC Dis. ICD ICU HPWl HPS INT CBE JMS CBC HPW2 JI HPW3 
3671 3891 4292 4589 4602 4654 4977 5158 5868 6050 7962 8260 15,175 
8ll Chroomonas s p • ( cells· ml-1) HPS DC CBC ICU DWS ICD HIW2 INT Dis. JI HPW1 HPW3 CBE 
110 181 207 207 233 298 310 362 375 400 414 530 568 
20ll Cryptomonas (ce11s~ml-1) DC HP\~3 ICU rMS Dis. HPW2 INT ICD HPS CBE JI HPW1 CBC 
0 13 13 26 26 52 78 78 78 104 104 116 130 
5ll Cryptophyte (cells ·ml-1) Dis. DC HPW3 ICU CBE JI ICD HPS IIVS INT HPW2 CBC HPWl N ......, 
18 18 36 55 73 74 91 91 110 128 128 128 146 U1 
Melosira subsa1sa (cells•m1-l) Dis. ICU INT DC ICD HPWl HPS CBE uvs CBC HPW2 JI HPW3 
1616 1628 1732 1771 2055 2172 2508 2702 3322 3916 5688 6024 12,604 
Nitzschia kutzingiana JI Dis. CBE CBC HPW3 DC HPWl DWS HPS HPW2 ICD INT ICU 
(cells ·mi-l) 543 608 620 698 736 788 866 918 918 995 1124 1512 1797 
Cyclotella meneghiniana ICU ICD HPS DC JI INT HPW2 Dis. CBC CBE HPW3 HPWl :oos 
(cells ·ml-l) 272 362 388 400 517 543 633 686 698 711 724 736 853 
Table B37 
James River Phytoplankton ANOVA Summary 6-20-78 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ~.05) 
Chl ~ (llg"l-1) HPW2 Dis. CBE HPWl CBC HPW3 DWS JI INT HPS 
2.8 3.7 3.8 3.8 3.8 4.1 5.1 5.4 6.2 7.0 
Total cells (cells•ml-1) HPS DC ICD Dis. CBC HPW3 HPW2 HPWl DWS CBE ICU INT JI 
1332 1344 1460 1784 1848 1848 1862 2443 2921 3116 3180 3244 3374 
8ll Chroomonas sp. (cells· ml-1) DC ICD HPS Dis. INT HPW2 ICU HPW3 DWS CBC HPWl CBE JI 
181 194 246 259 375 466 478 492 517 672 802 1034 1318 
Melosira subsalsa (cells ·ml-1) ICD Dis. HPS CBC INT HPWl HPW2 JMS ICU DC HPW3 CBE JI 
0 52 104 142 142 155 156 156 194 194 349 362 362 
Skeletonema costatum HPW3 CBC JI CBE DWS DC ICD HPS HPWl Dis. HPW2 INT ICU 
"" (cells ·ml-1) 0 0 ·o 13 52 65 90 104 130 246 246 426 568 '-I 0'\ 
eyclotella meneghiniana HPS CBC Dis. DC ICD HPW2 HPW3 HPWl INT CBE ICU JI DWS 
(cells ·ml-1) 194 323 388 426 517 543 582 595 698 840 892 995 1577 
Nitzschia kutzingiana DC DWS JI HPWl CBE ICD- Dis. CBC HPW2 ICU HPW3 HPS INT 
(cells "ml-1) 64 129 142 155 168 194 220 232 246 258 272 298 414 
Rhizosolenia minima (cells "ml-1) JI HPW3 CBC HPW2 HPWl DWS DC CBE HPS Dis. ICD ICU INT 
0 13 13 90 194 130 155 181 181 388 414 478 556 
311 Flagellate (cells·ml-1) DWS HPS HPW3 HPW2 Dis. CBE ICU JI ICD CBC DC INT HPWl 
0 13 13 13 26 26 26 39 39 52 52 78 90 
Table B38 
James River Phytoplankton ANOVA Summary 7-11-78 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ~.05) 
Chl ~ Cpg·l-1 ) Dis. JI CBE CBC HPS HPWl HPW2 Int. HPT-73 DWS 
5.6 6.3 6.8 7.6 7.8 8.0 8.6 9.0 11.0 11.3 
-1 Total cells (cells~ml ) ICD DC Dis. CBC JI CBE ICU HPW2 HPlvl HPS Int. HPW3 DWS 
4373 5512 5746 5980 6074 6463 6968 7522 7779 7909 8314 9311 10705 
8 f Chroomonas sp. (ce1ls·ml-1 ) Int. DC ICU Dis. HPW3 HPS HPW2 ICD HP\-11 CBE DWS JI CBC 
233 388 388 388 414 440 492 517 646 698 698 750 776 
-1 16 f Chroomonas sp. (cells·ml ) JI CBC HPW3 Int. HPS Dis. ICD DC ICU HPW2 DWS HPhTl CBE 
0 52 78 78 129 129 155 181 181 181 258 272 284 
Pyramimonas sp. (cel1s·m1-1 ) Dis. ICD DC CBE CBC HPW3 Int. JI DWS ICU HPW2 HPWl HPS 
0 0 0 26 103 129 155 181 207 207 232 284 388 
N 
"""-~ 
Skeletonema costatum (cells·ml-1) CBE DC JI CBC ICD HPWl Dis. HPS HPW2 ICU Int. DWS HPlv3 """-~ 
268 600 634 857 926 1053 1170 1332 1602 1926 2808 2872 2958 
Cyclotella meneghiniana HPW3 ICD JI Dis. HPS DC CBC HP~vl CBE HPW2 ICU DWS Int. 
(cells·m1-1) 542 543 568 594 672 698 698 750 904 905 1215 1293 1422 
Melosira subsalsa (cells·ml-1) Int. HPW2 Dis. ICU ICD DC CBC DWS HPS CBE HPWl JI HPlv3 
0 0 0 0 0 0 1008 1086 1163 1525 1551 1732 2301 
Melosira sp. (cells·m1-1 ) DWS Int. HPW2 Dis. ICU ICD DC CBE HPWl HPS CBC JI HPW3 
0 0 0 0 0 0 0 58 108 155 394 502 524 
Table B38 (Continued) 
James River Phytoplankton ANOVA Summary 
Parameters Stations and Heans 
(Stations not sharing an underline are significantly 
Rhizosolenia minima (cells·ml-1) JI CBC HPW2 Dis. HPW3 DC ICD 
129 284 310 465 465 646 647 
Amphiprora sp. (cells·ml-1) CBE JI DWS HPW2 HPS ICU Dis. 
0 0 2 4 4 5 5 
3f Flagellate -1 HPWl CBE CBC HPW3 DWS HPW2 ICD (cells·ml ) 
0 0 0 26 52 52 78 
2 ~ Flagellate (cells·ml-1) ICD Int. HPWl ICU DC HPW3 DWS 
130 155 194 258 259 310 336 
7-11-78 
different, a ~.05) 
Int. ICU CBE 
698 724 1112 
CBC DC ICD 
6 7 8 
JI HPS ICU 
130 155 1603 
Dis. JI CBC 





















James River Phytoplankton ANOVA Summary 8-23-78 
Parameters Stat ions and Means 
(Stations not sharing an underline are .significantly .different, Ct ~.05) 
Chl ~ (11g·l-1 ) Dis. CBC IJJS JI HPWl HPW3 INT HPW2 CBE HPS 
3.8 3.8 4~3 5.5 5.9 5.9 6.0 6.1 6.4 6.5 
Total cells (cells ·m1-1) Dis .. DWS DC ICD ICU JI INT HPS HPW3 HPW1 CBC CBE HPW2 
2212 2496 2516 2994 3064 4251 4436 4666 4674 5490 6070 6218 6702 
811 Chroomonas sp. ( cells·ml-1) Dis .. DC ICU ms HPS HPW~ INT ICD JI HPW2 CBE HPW3 CBC 
0 13 65 116 116 155 168 194 220 258 .272 298 646 
1611 Chroomonas sp. (cells ·ml-1) Dis. HPW3 HP'W2 CBC DC JI HPS HPWl CBE ICD ms ICU INT 
13 26 26 26 39 52 -64 65 78 90 129 168 246 
Pyramimonus sp. ( cells·ml-1) JI CRC CBE DC HPW2 HPWl Dis. HPS HPW3 DVS ICD ICU INT N 
0 39 64 90 103 103 116 142 168 181 194 582 594 ........ \,() 
Skeletonema cos tatum CBE -CBC JI DWS HPW2 ICD Dis. DC HPW1 HPW3 INT HPS ICU 
(cells· ml-1) 307 476 593 691 724 770 804 1016 1066 1158 1192 1292 1374 
Gyrosigma sp. (cells •mi-l) HPW2 CBE JI CBC HPWl HPS HPW3 Dis. DC DiS ICD ICU nrr 
0 .50 .50 2 3 4 4 4 5 6 9 12 17 
Cyclotella meneghiniana DC HPW3 ICD DVS INT HPW2 Dis .. ICU HPS JI CBC HPWl CBE 
(cells ·ml-1) 13 26 52 104 104 104 116 130 207 220 272 478 .504 
Ni tzs chi a sp. (cells •ml-1) IJJS JI HPS Dis. ICU DC ICD HPW2 HPWl INT CBC HPW3 OlE 
26 26 39 78 78 78 78 103 116 142 142 156 1-68 
211 Flagellate ( cells~ ml-1) HPW3 JI DC CBC ICD DWS HPS Dis~ HPW2 HPWl INT CBE ICU 
0 0 52 64 116 116 155 155 181 272 284 349 828 
Table ·B39 (Continued) 
James River Phytoplankton ANOVA Sunnnary 8-23-78 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a, 
311 Flagellate ( cells · ml -1) JI DWS CBE CBC HPWl HPW2 HPS HPW3 ICU 
0 13 13 13 39 90 207 246 272 
1211 Flagellate (cells ·ml-1) DC DWS Dis. ICU INT ICD JI CBC CBE 
0 13 13 39 116 116 220 310 400 
2.511 Flagellate (cells·ml-1) DWS INT HPS HPW3 HPW2 HPWl Dis. CBE CBC 
























James River Phytoplankton ANOVA Sunnnary 9-19-78 
Parameters Stations and Means 
(Stations j a $.. 05) not sharing an underline are significantly different, 
Chl a -1 CBC DiB JI HPH3 HPWl BPS HPW2 CBE mvs Int <pg •1 ) 
2,2 2.8 2.8 3.0 3.0 3,1 3.4 4.8 5.0 7.6 
Total cells (cell~·ml-1) DC HPS HPW2 CBC Dis. ICD DWS CBE HP~vl JI HPvl3 ICU Int. 
880 1270 1286 1378 1524 1567 1774 1883 1894 2034 2143 2804 3643 
8 p. Chroomonas sp. -1 (cells ·ml ) CBC JI DC HPS HPW3 HPW2 Dis. ICD HPWl DWS ICU CBE Int. 
I 103 142 155 155 155 181 232 258 336 356 388 414 853 
16 f Chroomonas sp. (cells·ml-1) ICD DC Dis. HPS ICU CBC HPvl3 HPl-12 CBE JI HPWl Int. DWS 
0 0 0 13 26 39 65 78 90 104' 129 181 181 
5 f Cryptophyte (cells. ml-1) JI CBE DC HPS HPWl CBC ICD HPW3 HPlv2 Dis. ICU DWS Int. 
26 39 52 .52 52 90 104 116 129 129 129 181 517 
Pyramimonas sp. (cells·ml-1) DC HPS CBC ICD Dis. JI HPW2 HPWl HPW3 DWS Int. ICU CBE N 
0 26 26 78 78 90 116 130 130 136 155 284 336 00 j--1 
Katodinium rotundatum (cells·ml-1) ICU DC ICD Dis. HPS CBC HPW2 HPl.Jl DWS CBE JI Int. HPW3 
0 26 26 26 39 52 103 116 207 272 336 362 375 
Skeletonema costatum (cel1s·ml-l) DC ICD ICU Dis. Int. m.;rs HPW2 CBE HPWl HPS CBC HPW3 JI 
11 30 39 47 114 155 246 298 440 466 582 853 918 
Nitzschun 1ongissim~ (ce11s·ml-1) HPW3 JI HPW1 rnc CBE DWS HP\A72 HPS Int. DC ICD Dis. ICU 
4 13 16 90 90 116 129 155 258 310 336 440 672 
Gyro sigma sp. -1 (ce11s·m1 ) JI HPW3 CBE HPW1 CBC HPW2 HPS DC ICD ICU Dis. DWS Int. 
1.5 10 12 14 18 24 41 61 63 76 78 84 232 
Table B40 (Continued) 
James River Phytoplankton ANOVA Summary 9-19-78 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ~.05 ) 
3 p Flagellate (cells·ml-l) Dis. HPS CBC HPW2 DWS DC CBE JI HPW3 HPWl ICD ICU Int. 
0 39 52 64 65 78 90 90 104 116 181 336 362 
Gymnodinium sp. -1 (cells·ml ) HPW3 CBC JI HP\.Jl HPl.J2 DC CBE ICD HPS Dis. ICU DWS Int. 
.5 2 4 6 7 7 9 10 14 24 39 74 76 
2.5 f Flagellate (cells·ml-1) DWS Int. HPS HPW3 HPW2 HP1.Jl CBE CBC JI DC ICD Dis. ICU 
0 0 0 0 0 0 0 0 0 646 1137 1732 2792 
Table B41 
James River Phytoplankton ANOVA Summary 11-14-78 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ~.05) 
-1 HPW2 Chl ~ <tg·l ) DWS HPWl CBE CBC HPS JI Int. Dis. HPW3 
1.7 1.8 2.0 2.5 2.6 2.6 2.8 3.2 3.3 3.7 
Total Cells (cells.ml-1 ) HPW3 HPW2 CBE HPWl ICD DC Dis. HPS JI ICU CBC Int. m~s 
569 814 846 853 853 853 904 924 938 950. 996 1022 1164 
8 p Chroomonas sp. -1 HPWl HPW3 (cells ·ml ) CBE HPS JI DC HPW2 Dis. ICD Dt\TS Int. ICU CBC 
84 90 97 103 110 110 116 129 129 155 168 181 207 
16 f Chroomonas sp. -1 HPWl HPW3 HPS HPl.J2 DC Dis. (cells ·ml ) CBC CBE ICD Int. JI ICU DWS 
58 97 110 122 142 148 148 174 194 206· 213 226 349 
5 u Cryptophyte (cells·ml-1 ) Int. HPlv3 ICD CBE ICU DC JI Dis. HPS HPW2 m.Js HPlvl CBC 
J 20 58 65 71 71 71 78 104 110 129 142 174 188 
Pyramimonas sp. (cells·ml-1 ) HPWl Dis. HPW3 HPW2 ICD HPS mvs CBC Int. JI ICU CBE DC ('\.,) 00 
6 20 26 26 26 32 46 46 52 58 58 97 97 w 
Katodinium rotundatum (cells·ml-1 ) HPS HPW3 HPW2 ICU CBE CBC mvs DC ICD Dis. JI Int. HPWl 
0 0 13 13 20 20 26 32 46 52 71 78 116 
Skeletonema cos tatum -1 (cells ·ml ) HPS HPW2 HPW3 HPWl CBC CBE JI ICD Int. DWS ICU DC Dis. 
6 6 26 26 26 48 52 58 58 71 71 90 155 
Nitzschia longissima (cells·ml-1) CBE CBC HPWl DC Dis. DWS HPW2 JI ICU TCD HPW3 Int. HPS 
20 20 26 39 46 52 78 84 84 84 129 148 168 
Amphiprora sp. -1 (cells. ml ) HPWl CBE HPW3 JI CBC HPW2 HPS DWS Dis. DC ICU ICD Int. 
0 0 1 1 2 2 2 3 4 4 5 5 6 
3 u Flagellate (cells·ml-1) HPW3 ICD Int. ICU Dis. DC HPS m~s HPW2 CBC JI HPWl CBE 
I 20 32 39 52 58 84 116 129 181 181 200 238 272 
Appendix C 
Zooplankton ANOVA Summaries 1975-78 
284 
"Table- Cl 
James River Zooplankton ANOVA Summary, 1-3D-75 
Parameters Stations and Means 
(S.tations not sharing an underline are significantly different, a<. 05) 
Copepod nauplii Dis. CBC HPW2 Int. CBE HPS HPEl HPE2 HPWl HPN 
(No./100 1) 83 87 100 102 104 119 124 l88 191 278 
Harpacticoid copepods CBE CBC HPW2 HPE1 HP.S BPWl HPN Int. HPE2 Dis. 
(No./100 1) 45 48 59 60 63 64 80 91 138 154 
Bosmina sp. Int. CBE HPS CBC Dis. HPY2 HPEl HPE2 HPWl HPN 
(No. /100 1) 6.6 8.3 14 17 18 23 23 33 42 46 
Eurytemora sp. CBC CBE HPW2 Dis. Int .. HPWl HPEl HPS HPE2 HPN 
(No. /100 1) 1.6 2.0 2.7 3.6 5.4 9.4 14 17 20 fl._ 
Acartia sp .. CBE CBC HPS HPE1 Int. HPWl HPE2 Dis. HPW2 HP'N ~ 








(No. /100 1) 
Eurytemora sp. 
(No. /100 1) 
Table C2 
James River Zooplankton ANOVA Summary, 2-14-75 
Stations and Means 
(Stations not sharing an underline are significantly 
Dis. HPWl HPE2 HPS HPEl DWS CBE 
46 66 79 83 88 92 93 
HP\vl CBC DWS HPE2 HPEl Dis. JI 
18 18 22 22 24 24 25 
HPW2 HPWl DWS Dis. CBE HPS HPN 
2.3 2.h 3.1 4.6 5.7 6.4 7.5 
HPW1 HPEl Dis. HPS DWS CBE BPE2 
1.7 2.1 2.4 2.9 4.3 4.6 5.9 
different 'r a< • 05) 
HPW2 nr; CBC JI HPN 
97 99 115 149 161 
CBE HPW2 HPN Int. HPS 
26 35 39 39 42 
HPE2 HPEl Int. JI CBC 
10.0 12.1 13.1 16.6 20.9 
HPW2 JI CBC Int. HPN 





James River Zooplankton ANOVA Summary~ 3-21-75 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, cx.~.05) 
Copepod naup1ii HPS CBE HPWl JI CBC HPEl HPE2 Dis. DWS HPW2 Int. HPN 
(No./100 1) 66 71 75 87 93 93 100 100 117 117 159 426 
Harpacticoid cope- CBE HPW2 CBC JI HPWl Dis. HPS HPEl HPE2 Int. DWS HPN 
pods (No./100 1) 13 21 23 30 35 41 44 47 50 63 67 80 
Bosmina sp. DWS HPS Dis. HPWl Int. HPE1 HPE2 HPN JI CBE CBC HPW2 
(No./100 1) 8.5 10 12 13 15 16 22 23 23 24 32 59 
Acartia sp. HPS HPEl DWS HPWl JI Dis. Int. HPW2 HPN CBC CBE HPE2 
(~~o. /100 1) .84 1.1 1.5 2.2 2.5 3.2 3.2 3.6 3.8 3.9 4.8 5.2 
Eurytemora sp. HPE2 CBE HPS Int. JI HPE1 HPW2 DWS CBC HPWl Dis. HPN 
(No./100 1) 0 1.1 2.4 2.6 2.6 3.8 4.1 4.3 5.8 6.7 38 184 I'.) 00 
-.......) 
Rotifers Int. Dis. HPWl CBE HPS HPN DWS HP1J2 JI CBC HPEl HPE2 





pods (No. /100 1) 
Eurytemora sp. 
(No. /100 1) 
Cyclopoid copepods 




















Zooplankton ANOVA Summary, 4-17-75 
Stations and Heans 
not sharing an underline are significantly 
HPW2 HPS HPE2 Int. CBC 
253 271 281 307 311 
HPN DWS Int. HPS HPW2 
53 55 70 74 77 
CBE HPS Dis. HPE2 DWS 
6.6 7.9 8.4 11 11 
/ 
Int. HPN HPEl m.vs HPE2 
2.0 3.9 4.6 4.9 5.2 
different, a.< .05) 
JI Dis.- HPEl DWS 
342 419 600 666 
HPE1 JI CBC HPE2 
80 85 104 108 
HPW2 CBC Jl Int. 
12 16 31 39 
JI CBE HPW2 CBC 





James River Zooplankton ANOVA Summary, 5-15-75 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a~.05) 
Copepod nauplii Int. HPE1 HPE2 HP\.<Jl HPS Dis. HPN CBE CBC JI HPW2 DWS 
(No./100 1) 8l 259 291 299 341 392 416 461 696 741 800 1783 
Harpacticoid cope- CBE Dis. HPN HPW1 HPE2 HPEl Int. HPS CBC JI DWS HPW2 
pods (No./100 1) 1.6 7.0 12 14 16 18 23 44 50 66 107 179 
Bosmina sp. HPE2 HPE1 Int. Dis. CBE HPS HPN HPW2 CBC HPW1 DWS JI 
(No. /100 1) 0 2.1 5 .. 0 11 12 12 22 28 28 39 42 87 
Eurytemora sp. Dis. CBE HPEl HPE2 Int. HPWl HPN HPS DWS JI HPW2 CBC 
\No./100 1) 1.3 L.4 2.1 3.1 4.9 13 16 28 38 46 48 59 
Cyc1opoid copepods Dis. HPE2 HPW1 CBE Int. HPE1 HPS DWS HPN JI CBC HPW2 N 
(No. /100 1) 0 .52 1-.3 1.4 1.9 2.8 3.8 6.8 7.2 13 18 33 00 \D 
Rotifers DWS HPE1 HPE2 Int. HPS HPW1 CBE Dis. HPW2 CBC JI HPN 
(No./100 1) 0 0 0 1.4 4.0 9.1 9.7 16 26 194 520 901 
Table C6 
James River Zooplankton ANOVA Summary, 6-18-75 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, ~.05) 
Copepod nauplii JI DWS CBC Dis. HPE1 CBE HPW1 HPS HPN HPE2 Int. HPW2 
(No./100 1) 130 189 257 342 304 420 592 642 665 774 826 880 
Harpacticoid cope- HPEl CBE DWS HPE2 HPN Dis. CBC Int. HPWl JI HPS HP\~2 
pods (No./100 1) 1.0 3.0 7.1 7.2 7.2 7.8 18 18 21 22 27 96 
Acartia sp. CBE JI HPEl DWS CBC Dis. HPN HPW1 HPS HPE2 HPW2 Int. 
(No. /100 1) .62 12 17 19 19 21 40 63 98 120 207 232 
Eurytemora sp. HPS CBE DWS Dis. Int. CBC HPEl HPE2 JI HPN HPWl HPW2 
(No. /100 1) 2.3 5.7 7.1 7.2 12 15 17 20 20 40 128 177 
Barnacle nauplii CBC JI HPW2 DWS HPE2 HPS HPEl CBE HPWl Dis. Int. HPN 




James River Zooplankton ANOVA Summary, 7-17-75 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a~.05) 
Copepod nauplii CBE HPN HPS HPE2 Dis. HPW2 HPWl JI DWS CBC Int. HPEl 
(No. /100 1) 26 89 96 177 191 206 308 390 491 499 914 1434 
Acartia sp. HPN CBE CBC HPW2 HPE2 JI HPS HPEl DWS HPW1 Dis. Int. 
(No. /100 1) 0 0 1.1 2.6 3.9 6.8 8.4 12 12 25 40 41 
Barnacle nauplii HPE2 HPW2 CBC JI CBE DWS HPS Dis. HPW1 HPN HPEl Int. 
(No. /100 1) 0 0 0 0 17 21 29 62 76 104 127 205 
Harpacticoid cope- HPN CBE JI CBC HPS Dis~ HPW2 HPE1 DWS HPW1 HPE2 Int. 
pods (No./100 1) 0 0 0 1.6 2.8 5.1 13 19 20 20 32 62 
Eurytem.ora sp. HPl'l CBE HPE2 HPS Dis. DWS HPEl HPW2 JI Int. HPWl CBC 
(No. /100 1) 0 0 16 17 38 42 46 50 54 78 81 89 N ),p 
~ 
Bosmina sp. Int. HPEl HPN HPS Dis. DWS CBE HPWl HPW2 HPE2 JI CBC 
(No./100 1) 0 0 0 0 0 .s 1.1 6 .. 9 24 27 38 94 
Table CB 
James River Zooplankton ANOVA. Summary, 8-21-75 
Parameters Stations and Heans 
(Stations not sharing an underline are significantly different, a~.05) 
Copepod nauplii (No. /100 1) 
HPW1.5 J28 HPEl HPN HPW2 HPE2 C"C'S3 Dis. CBC Int. DWS RPM HPS CBS2 HPWl JI CBE CBS! 
135 662 553 642 744 773 1.)72 1077 990 1293 1587 1616 2306 2269 2520 2578 3025 3506 
Acartia sp. (N·o. /100 1) 
HPW1.5 HPN CBC CBS2 CBS3 HPEl DWS RPW2 CBE Dis. HPE2 Int. JI CBS! J28 RPM HPS HPWl 
5.9 9.5 26 28 36 45 49 51 53 77 82 85 96 123 129 279 358 473 
Barnacle nauplii (No./100 1) 
CBC HPE2 JI HPW1.5 CBS3 HPW2 HPEl DWS RPN CBS! J28 G3S2 Int. HPM CBE HPWl HPS Dis. 
4.0 4.7 4.7 5.9 7.9 9.2 14 32 52 61 66 70 82 94 119 120 235 352 N \0 
N 
Polychaete larvae (No./100 1) 
HPN JI HPWl. 5 CBE CBC HPl1 CBS2 CBS3 CBS! HPW2 Dis. HPE2 DWS HPS J28 HPWl Int. HPEl 
0 0 0 2.0 2.2 2.4 2.4 2.9 3.7 4.6 4.8 6.0 6.6 16 18 20 29 30 
Harpacticoid copepods (No./100 1) 
D\.JS HPEl HPW1.5 CBS3 HPE2 CBC CBE Dis. Int. CBS2 HPN HPW2 CBSl JI J28 HPM HPWl HPS 
0 0 0 1.6 2.9 3.0 3.4 9.7 11 15 22 39 42 50 66 86 112 192 
Pelecypod larvae (No./100 1) 
HPN HPE2 CBC DWS Int. Dis. HPEl HPW1.5 JI CBS3 CBS! HPW2 HPWl CBS2 HPM HPS J28 CBE 
0 0 2.2 7.4 9.4 13 13 1A 22 79 97 242 272 279 285 326 516 886 
Eurytemora sp. (No./100 1) 
HPEl DWS CBC HPE2 HPN Int. CBS3 HPW1.5 CBE CBSl Dis. J28 CBS2 HPM HPWl HPS HPW2 JI 
0 .86 1.0 1.3 1.4 1.9 2.5 5.9 7.9 14 15 18 23 32 62 75 79 244 
Table C9 
James River Zooplankton k~OVA Summary, 9-26-75 
Date Parameters Stations and Heans 
(Stations not sharing an underline are significantly different, a~.OS) 
9-26 Copepod nauplii HPEl CBE HPE2 CBC DWS JI Dis. Int. HPWl HPN HPS HPW2 
(No. /100 1) 79 103 135 145 145 179 195 208 223 333 405 455 
Eurytemora sp. DWS HPE2 HPEl CBE CBC Dis. Int. HPN HPW2 JI HPS HPWl 
(No. /100 1) 2.7 3.3 3.4 3.7 9.9 17 20 33 52 54 96 109 
Barnacle nauplii HPN HP\v2 CBC JI CBE HPE2 HPEl HPS DWS HPWl Int. Dis. 
(No. /100 1) 0 0 0 0 .84 2.0 2.0 2.1 5.5 22 99 126 
Harpacticoid copepods HPEl CBC JI CBE HPW2 HPE2 DWS Dis. Int. HPN HPS HPWl 
(No./100 1) 0 0 0 1.4 1.7 2.0 2.1 3.4 6.4 7.3 18 36 
Bosrnina sp. Int. DHS Dis. HPEl CBE HPW2 HPE2 HPN HPWl CBC HPS JI 
(No. /100 1) 0 .66 1.8 2.1 2.9 6.7 9.5 19 44 55 129 287 ~ 
w 
Table ClO 
James River Zooplankton ANOVA Summary, 11-3-75 
Date Parameter Stations and Means 
U'tations not sharing an underline are significantly different, a~.OS) 
11-3 Copepod nauplii JI HP 1 CBE HPS HPN Int. DWS Dis. HPEl CBC HPW2 HPE2 
(No. /100 1) 11 26 43 66 75 82 88 113 125 129 166 188 
Rotifers JI Dis. HPE2 mvs Int. HPWl HPS CBE CBC HPW2 HPN HPEl 
(No./100 1) 4.2 40 74 92 110 134 203 233 378 397 422 500 
Polychaete larvae HPN CBE CBC JI HPW2 DWS HPWl HPEl HPS Dis. Int. HPE2 
,(No./100 1) 0 0 0 0 1.5 8.3 16 18 19 23 36 39 
Harpacticoid cope pods DWS HPW2 HPN HPE1 HPWl HPE2 HPS Int. Dis. CBE JI CBC 
(No. /100 1) 0 0 .52 1.6 2.0 3.0 3.3 5.7 6.3 8.5 10 32 
Eurytemora sp. DWS HPW2 HPW1 HPN HPE2 HPS CBE HPE1 Int. CBC Dis. JI N 















James P~ver Zooplankton ANOVA Summary, 11-18-75 
Stations and Means 
(Stations not sharing an underline are significantly different, a~ .05) 
Dis. HPEl HPS HPE2 CBE Int. HPWl HPW2 HPN JI 
















































James River Zooplankton ANOVA S~umnary, 12-29-75 
Parameters Stations and Means 
different, a~.05) (Stations not sharing an underline are significantly 
Copepod nauplii HPE2 JI CBE HPWl HPW2 HPS HPEl HPN Dis. Int. DWS CBC 
(No./100 1) 11 13 14 14 16 16 19 20 21 21 23 50 
Rotifers JI CBC HPW2 Dis. HPEl HPWl HPE2 Int. HPS HPN CBE DWS 
(No. /100 1) 30 37 72 112 143 168 196 211 216 283 284 961 
Eurytemora sp. HPE2 Dis. HPEl CBE HPWl DWS HPN CBC Int. HPS HPW2 JI 
(No./100 1) 1.4 2.0 2.2 4.0 4.3 4.8 4.9 6.5 7.0 7.4 8.5 18 
Polychaete larvae CBC JI CBE HPN HPW2 HPWl DWS Dis. HPS HPEl Int. HPE2 
(No. /100 1) 5.1 5.6 59 72 73 123 167 172 198 216 274 450 
Harpacticoid copepods HPE2 HPN HPEl DWS Dis. Int. CBC HPS CBE HPWl JI HPW2 ['..) (No./100 1) 0 .62 .72 1.5 1.5 1.6 3.1 3.3 3.8 4.5 4.7 27 \,() 
0'\ 
TABLE Cl3 
James River Zooplankton ANOVA Summary 1-21-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a~.05) 
Copepod nauplii (No./100 1) 
Rotifers (No./100 1) 
Polychaete larvae (No./100 1) 
Euryternora sp. (No./100 1) 
CBC HPS HPWl HPW2 Dis. DWS CBE JI Int. HPW3 
29.0 39.5 49.9 53.0 55.5 56.8 69.8 81.1 112.7 123.7 
CBC HPW2 HPWl JI HPS CBE Dis. DWS Int. HPW3 





HPW3 HPW2 CBC 
0 4.2 5 .. 0 
HPWl CBE DWS HPS Dis. Int. 
12.0 12.2 15.2 16.7 44.i 78.3 
CBE 
7.4 
DWS /HPS HPW2 Dis. HPWl JI HPW3 Int. 
32.7 52.3 9.0 12.0 12.7 22.5 22.8 30.6 
Table Cl4 
James River Zooplankton ANOVA Summary 2-20-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a~.05) 
Copepod nauplii (No. /100 1) Int. Dis. 
Dis. Can. CBE Can. HPS Int. DWS CBC JI HPW3 HPW2 HPW1 
66.5 99.5 119.8 127.7 194.8 209.3 236.4 271.8 338.9 399.0 495.9 771.6 
Rotifers (No./100 1) Int. Dis. 
Can. CBE JI CBC HPS HPW2 Can. Dis. Int. DWS HPW3 HPW1 
114.5 184.1 200.5 305.9 367.8 425.5 446.5 504.5 598.3 755.4 860.7 1018.3 
Eur~temora sp. (No./100 1) Dis. Int. 
Dis. CBE HPS JI Can. HPW3 Can .. Int. CBC DWS HPW2 HPWl 
21.9 23.4 25.7 27.4 34.4 39.1 45.8 54.3 64.2 67.8 110.6 135.7 
Cyclopoid copepods (No. /100 1) Int. Dis. N \.0 
Dis. JI Int. HPW1 DWS CBE HPW2 CBC HPW3 Can. HPS Can. 00 
0 0.6 0.7 0.8 1.9 1.9 3.5 4.2 9.4 14.1 17. 4, 27.3 
Bosmina sp. (No./100 1) Int. Dis. 
CBE DWS Dis. HPS HPW2 Int. HPWl HPW3 Can. Can. JI CBC 
0.6 0.7 1.3 1.9 2.3 3.0 3.3 3.5 3.5 5.3 8.5 15.7 
Table Cl5 
James River Zooplankton ANOVA Sunnnary 3-24-76 
Parameters Station and Means 
(Stations not .sharing an underline are significantly different, a. ~- 05) 
Copepod nauplii (Np. /100 1) 
HPW3 CBC JI DWS HPW2 CBE HPWl Int. HPS 
8.4 24.2 26.2 30.6 32.5 33.4 38.6 43. 6' 60.8 
Harpacticoid copepods (No./100 1) Dis. Int. 
DWS Int. JI Can. CBE HPW3 HPWl Dis. Can. 















James River Zooplankton ANOVA Summary 4-23-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different ,a. ~· 05) 
Copepod nauplii (No./100 1) Dis. Int. 
JI Can. CBC Can. HPWl HPS Int. DWS Dis. CBE HPW2 HPW3 
85.0 117.1 149.5 162.1 172.0 218.0 239.1 257.7 311.5 362.9 423.4 544.1 
Rotifers (No./100 1) Int. Dis. 
Can. DWS Can. Dis. JI HPWl Int. CBE HPW3 HPW2 HPS CBC 
0 14.4 18.5 145.5 153.8 189.7 260.1 422.6 452.0 475.1 475.3 1583.8 
Eur~temora sp. (No. /100 1) Int. Dis. 
CBE Can. Dis. Can. JI Int. CBC DWS HPWl HPW2 HPW3 HPS 
1.3 2.6 7.4 7.9 15.8 16.5 20.1 25.6 50.9 64.1 75.2 82.8 
(No. /100 1) w Harpacticoid copepods Dis. Int. 0 
DWS Int. Can. CBE JI Can. HPW3 HPWl CBC Dis. HPW2 HPS 0 
0 0 3.5 7.4 7.7 7.9 15.1 15.7 19.5 20.5 27.7 51.2 
Table Cl7 
James River Zooplankton ANOVA Summary 5-25-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a.~ .05) 
Copepod nauplii (No./100 1) Dis. Int. 
Dis~ Int. Can. Can. DWS HPW2 JI HPS HPW3 HPWl CBC CBE 
77 .o 81.5 96.9 154.1 160.7 169.6 348.8 363.3 421.5 487.8 505.3 608.0 
Acartia sp. (No./100 1) Dis. Int. 
JI Can. HPW3 HPWl HPS Dis. CBE HPW2 Int. CBC DWS Can. 
0 0 0.7 0.8 2.4 4.3 4.4 6.6 7.8 8.0 23.2 25.5 
Barnacle nauplii (No./100 1) Int. Dis. 
HPS HPW3 HPW2 DWS JI CBC Int. Dis. HPWl CBE Can. Can. 
1.2 1.9 5.4 6.4 10.1 13.6 14.4 18.8 21.2 22.7 44.9 46.7 
Rotifers (No./100 1) Int. Dis. w 
Can. Can Dis. JI HPS HPW3 Int. HPW2 CBE DWS CBC HPWl 0 1-' 0 0 1.0 4.3 11.0 12.2 15.4 16.3 19.5 20.2 21.8 43.2 
Eurytemora sp. (No./100 1) Dis. Int. 
Int~ DWS Can. Can. Dis. HPS JI HPW3 HPWl HPW2 CBC CBE 
1.1 1.3 1.8 3.5 4-.4 9.8 19.1 16.9 31.8 33 •. 8 44 .. 2 70.4 
Table Cl8 
James River Zooplankton ANOVA Summary 6-23-76 
Parameters Station and Means 
(Stations not sharing an underline are significantly differenta~ .05) 
Copepod nauplii (No./100 1) Dis. Int. 
CBE Can. Dis. Can. HPS JI DWS HPWl CBC HPW3 HPW2 Int. 
233.2 238.7 244.8 366.4 659.1 873.7 884.3 945.1 115§.2 1206.8 1592.4 1998.3 
Euryte~~ sp. (No./100 1) Dis. Int. 
CBE Can. CBC JI HPW2 HPW3 HPWl Can. Dis. DWS HPS Int. 
21.2 23.8 60.0 !3.8 95.0 118.9 129.5 133.0 140.4 172.5 270.3 614.9 
Barnacle nauplii (No~/100 1) Dis. Int. 
HPW2 HPW3 HPWl CBC Can. CBE HPS JI Dis. Can. DWS Int. 
0.5 1.7 2.7 3.2 3.5 7.5 9.0 10.7 11.7 17.6 30.1 61.6 
w 
Dis. Int. 0 Acartia sp. (No./100 1) 
CBE CBC HPW3 HPW2 Dis. JI HPWl HPS Can. DWS Can. Int. N 
0 0.7 2.8 7.9 8.1 10.3 11.0 55.4 65.2 128.0 229.0 785.1 
Table C19 
James River Zooplankton ANOVA Summary 7-15-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different a. ~05) 
Copepod nauplii (No./100 1) Dis .. Int. 
Can,. Int. Dis. Can. HPWl HPS DWS HPW3 CBE JI HPW2 CBC 
148.2 306.2 315.9 337.7 383.6 651.3 653.8 1080.2 1185.7 2590.8 2613.5 2858.2 
Polychaete larvae (No./100 1) Int. Dis. 
HPWl HPW2 JI DWS HPW3 CBE Dis. Int. CBC Can. HPS Can. 
0.8 1.0 1.8 3.0 3.7 4.0 4.3 9.2 10.1 15.0 17.6 24.7 
Barnacle nauplii (No./100 1) Int. Dis. 
HPW3 HPW2 DWS HPS CBE JI Int. HPWl CBC Can. Dis. Can. 
3.7 3.8 15.0 24.9 31.2 48.7 51.9 56.6 77.3 479.7 594.1 1134.0 
(No./100 1) w Cyclopoid copepods Int. Dis. 0 
Can. Can. DWS HPWl HPW2 CBE HPW3 Int. CBC JI Dis. HPS w 
0 0 0.8 0.8 2.7 3.9 4.2 4.2 7.9 11.5 20.4 24.0 
Eurytemora sp. (No./100 1) Dis. Int. 
Can. Can. HPWl CBE Int. Dis. HPS HPW3 DWS HPW2 JI CBC 
0.9 3.5 55.1 91.1 102.0 133.3 139.1 139.2 192.4 204.7 352.9 366.4 
Table ~20 
James River Zooplankton ANOVA Summary 8-11-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a. {..05) 
Copepod nauplii (No./100 1) Dis. Int. 
Can. Dis. CBC HPWl Can. JI CBE DWS HPW3 Int. HPS HPW2 
185.2 353.4 457.5 502.8 522.9 682.4 779.6 869.8 1211.4 1444.2 2868.1 5346.2 
Barnacle nauplii (No./100 1) Dis. Int. 
HPW3 CBC JI HPW2 DWS CBE HPS Int. Can. Can. HPWl Dis. 
20.1 63.9 68.0 76.4 88.7 93.6 167.3 265.5 694.0 754.0 758.3 1101.4 
Rotifers (No. /100 1) Int. Dis. 
Can. Can. HPWl HPW3 CBC DWS Dis. JI HPW2 CBE Int. HPS 
0 0 32.8 62.0 64.6 75.8 89.6 92.7 97.7 136.0 158.0 361.7 
w Eur~temora_ sp. (No./100 1) Dis. Int. 0 
+' Can. HPWl Can. CBE HPW3 Dis. DWS CBC Int. HPS HPW2 JI 
1.8 2.7 3.5 13.3 21.2 24.7 44.3 45.2 71.0 122.4 124.3 478.6 
Polychaete larvae (No./100 1) Dis. Int. 
HPWl DWS HPW3 HPS CBE JI CBC Dis. Int. Can. HPW2 Can. 
0 0.8 3.1 15.0 13.0 14.6 16.8 17.3 19.6 33.5 70.0 79.4 
Harpacticoid copepods (No./100 1) Dis. Int. 
HPWl HPW3 CBE DWS JI CBC Dis. Int. Can. Can. HPS HPW2 
0 0 0.7 0.9 1.1 1.6 3.2 3.7 5.3 7.9 38.8 41.4 
Acartia sp. (No. /100 1) Dis. Int. 
Int. HPS HPW2 CBE CBC JI HPW3 HPWl Dis. DWS Can. Can. 
0 0 0 0.7 0.8 1.1 1.1 3.3 4.9 10.9 22.9 58.2 
Table C21 
James River Zooplankton ANOVA Summary 9-14-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly differenta ~.05) 
Copepod nauplii (No./100 1) Dis. Int. 
Can. DWS HPW3 Can. Int. Dis. JI HPW2 HPS CBE HPWl CBC 
157.8 179.5 210.0 226.6 286.9 573.4 786.3 807.1 843.0 868.5 1082.8 1569.8 
Eurytemora sp. (No./100 1) Int. Dis. 
HPW3 Can. Can. DWS Int. CBE HPW2 Dis. HPWl HPS CBC JI 
18.3 41.4 44.1 44.9 49.8 50.6 58.4 68.8 89 .,5 121.4 135.7 169.7 
Barnacle nauplii (No./100 1) Int. Dis. 
HPW3 JI CBC DWS HPW2 Int. CBE HPWl Can. HPS Can. Dis. 
20.2 21.8 52.3 57.0 76.6 189.4 192.3 202.2 410.0 610.4 671.1 736.9 
Rotifers (No./100 1) Dis. Int. w 0 
Can. Can. Int. JI CBE DWS HPW3 CBC HPS Dis. HPW2 HPWl V1 
0 0 108.9 170.1 222.3 223.9 254.2 303.7 325.4 417.9 411.0 413.1 
Polychaete larvae (No./100 1) Int. Dis. 
HPW3 HPW2 CBC Int. Can. Can. CBE JI DWS HPS HPWl Dis. 
3.9 14.0 17.8 21.0 25.6 31.8 35.5 36.2 38.6 40.0 69.6 103.1 
Table C22 
James River Zooplankton ANOVA Summary 10-14-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ~.05) 
Copepod nauplii (No./100 1) Dis. Int. 
Can. Int. HPWl Dis. Can. DWS HPS CBE HPW3 HPW2 CBC JI 
48.5 105.2 199.0 206.0 224.9 260.2 438.5 475.6 637..5 735.9 820.4 1018.2 
Eurytemora sp. (No./100 1) Dis. Int. 
Can. Int. Dis. CBE Can. HPWl DWS HPS HPW3 JI CBC HPW2 
2.6 6.0 6.2 11.0 20.3 25.7 32.9 36.5 79.0 79.8 120.7 191.9 
Bosmina sp. (No./100 1) Dis. Int. 
Can. Can. Int. CBE Dis. HPWl DWS HPS JI HPW3 CBC HPW2 
0.9 1.8 3.0 7.0 9.2 20.1 27.6 175.8 295.9 432.0 517.4 707.0 
Rotifers (No./100 1) Dis. Int. w 
Dis. Can. Can. CBE DWS Int. HPWl HPW3 CBC JI HPW2 HPS 0 0'\ 
0 0 1.8 12.1 16.3 19.5 19.6 36.6 57.1 86.1 95.1 106.3 
Harpacticoid copepods (No. /100 1) Dis. Int. 
Int. Can. Can. HPW3 HPWl Dis. CBE CBC HPS HPW2 DWS JI 
0 0.9 1.8 2.1 4.2 6.0 7.0 7.1 9.9 10.3 10.5 13.0 
Table C23 
James River Zooplankton ANOVA Summary 11-17-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a~ • 05) 
Copepod nauplii (No. /100 1) Dis. Int. 
DWS Can. HPW2 HPW3 CBE JI CBC HPW1 HPS Can. Int. Dis. 
42.3 67.0 94.4 95.0 96.3 118.2 123~5 124.3 127.7 140.2 147.1 204.3 
Polychaete larvae (No./100 1) Dis. Int. 
JI CBC CBE HPW3 Can. Int. HPS HPW2 HPWl Can. Dis. DWS 
0 0 0 2.3 7.0 20.1 31.3 34.7 35.8 46.7 84.8 183.0 
Eurytemora sp. (No./100 1) Dis. Int. 
Int. Can. Can. HPWl HPS Dis. HPW2 CBE DWS HPW3 CBC JI 
6. 5 7.1 7.9 8.0 9.0 9.1 10.0 13.7 22.1 30.7 34.4 40.2 
(No./100 1) w Harpacticoid copepods Int. Dis. 0 
Can. DWS Int. HPW1 Can. Dis. CBC JI CBE HPW2 HPW3 HPS -.....J 
0 2.0 4.5 5.1 5.3 7.7 10.9 14.3 14.8 22.5 29.5 47.3 
Table C24 
James River Zooplankton ANOVA Sunnnary 12-10-76 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a, ~· 05) 
Copepod nauplii (No./100 1) Dis. Int. 
CBC Dis. HPWl Int. Can. DWS HPS Can. CBE HPW2 JI HPW3 
18.3 23.3 27.0 30.0 32.6 32.8 42.8 50.3 52 .. 9 107.8 112.9 116.8 
_Eurytemora sp. (No./100 1) Dis. Int. 
Can. Can. Dis. Int. CBC HPWl HPS DWS CBE JI HPW2 HPW3 
5.3 7.9 10.5 11.1 11.2 11.4 11.6 19.8 30.5 35.1 98.0 99.8 
Harpacticoid copepods (No./100 1) Dis. Int. 
CBC JI Can. CBE DWS HPWl HPW3 Int. Dis. HPS Can. HPW2 
1.3 1.5 3.5 4.9 5.1 5.6 5.7 6.2 10.6 18.8 30.0 36.0 
----
VJ Cyclopoid copepods (No. /100 1) Dis. Int. 0 
00 Can. Can. Int. Dis. DWS CBE HPWl CBC HPS HPW2 JI HPW3 
0 0.9 1.2 2.5 4.6 5.3 5.8 6.4 6.6 20.9 21.9 23.3 
Rotifers (No. /100 1) Dis. Int. 
DWS Int. HPS HPW3 HPW2 HPWl JI Can. Can. Dis. CBE CBC 
0 0 0 7.8 17.2 76.3 98.9 114.6 158.7 163.4 -230.1 287.5 
Table C25 
James River Zooplankton ANOVA Summary 2-23-77 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a. ~ • 05) 
Copepod nauplii (No./100 1) IC DC DWS Int. Dis. HPS CBE HPW2 CBC HPW1 HPW3 JI 
13 21 25 32 50 61 83 116 123 168 404 676 
Barnacle nauplii (No./100 1) HPW3 HPW2 DWS CBE Int. JI CBC HPS IC DC Dis. HPWl 
0 0 1 1 1 1 2 2 3 5 9 13 
Polychaete larvae (No./100 1) JI HPW3 IC CBE CBC DC HPW2 HPS DWS HPW1 Int. Dis. 
4 13 16 27 31 46 49 60 74 77 145 176 
Eurytemora sp. (No./100 1) IC Int. DWS Dis. DC HPS HPW2 HPW1 CBC CBE HPW3 JI UJ 0 
1 2 3 6 8 16 51 52 65 84 150 267 1..0 
Harpacticoid copepods (No./100 1) HPW2 DWS HPW3 JI CBC DC CBE HPWl HPS Int. IC Dis. 
1 1 2 2 2 4 4 6 9 10 18 :.1 
Cyc1opoid copepods (No./100 1) DWS Int. IC Dis. CBE DC HPS HPW3 HPW2 HPW1 CBC JI 
3 4 4 5 7 7 8 8 10 21 23 34 
Rotifers (No./100 1) IC DC HPW3 DWS HPS HPW2 Dis. CBE CBC HPWl Int. JI 
1 1 13 21 24 29 36 37 37 65 87 105 

Table C27 
James River Zooplankton ANOVA Summary 5-12-77 
Parameters Stations and Means 
(Stations not sharing an underline are significantly cliff erent ~a. ~ .05) 
Copepod nauplii (No./100 1) DC Dis. ICD CBE HPS ICU HPW2 Int. CBC DHS JI HPH1 HPW3 
118 182 192 223 407 502 528 565 619 668 802 1161 1602 
Barnacle nauplii (No./100 1) JI CBC HPi\13 CBE HPt-12 HPS ICD DC DHS ICU HPW1 Int. Dis. 
9 12 23 54 71 277 293 452 554 555 790 811 1125 
Polychaete larvae (No./100 1) CBE CBC JI HPS HPvJ2 ICD DHS DC HPW1 Dis. ICU Int. HPH3 
2 3 5 9 13 18 19 25 25 28 39 82 186 
--w 
....... 
CBE ICD DC ICU HPS CBC HPl.Jl Dis. m.Js HPH2 JI Int. HPH3 t-' 
Pelecypod larvae (No./100 1) 0 0 7 20 35 44 54 58 60 76 87 225 348 
Eurytemora sp. (No./100 1) DC ICD ICU Dis. CBC CBE HPS HPH2 JI DHS HPH1 Int. HPW3 
11 11 15 44 52 57 136 149 151 154 180 219 303 
Acartia sp- (No./100 1) JI CBE CBC HPH1 HPH2 HPS DC HPW3 DWS Dis. ICU Int. ICD 
2 2 3 7 19 26 34 37 49 112 240 483 859 
Harpacticoid conepods (No./100 1) DHS ICU Int. ICD DC HPW3 CBC Dis. HPW2 HPW1 HPS CBC JI 
9 17 20 21 23 29 41 45 56 70 75 86 166 
Rotifers (No./100 1) Dis. DC ICD Int. ICU DWS HPS CBC HPW1 HPW2 HPW3 CBE JI 




James River Zooplankton ANOVA Summary 6-13-77 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ,S. 05) 
Cooepod nauplii DC ICU ICD Dis. HPS JI HPW3 CBE Int. DWS HPW2 CBC HPW1 
69 211 242 266 462 515 574 750 966 1001 1060 1316 1325 
Barnacle nauolii (No./100 1) JI HPW2 ICD ICU DWS HPW3 CBC DC CBE Int. Dis. HPW1 HPS 
0 14 32 56 60 69 72 130 143 148 175 186 _2.QQ 
Polychaete larvae (No. I 100 1) ICU DC ICD HPS Int. JI HPW3 CBC DWS Dis. HPW2 HPW1 CBE 
1 3 4 4 4 5 13 16 18 20 24 29 31 w 
t-' 
N 
Pelecypod larvae (No./100 1) DWS ICD ICU Dis. DC Int. HPW2 HPS JI CBE CBC HPW1 HPW3 
0 0 0 2 4 7 12 20 30 40 40 60 62 
Eurvtemora sp. (No./100 1) DC HPW2 HPW3 ICU DWS Int. Dis. HPS ICD JI CBE CBC HPW1 
1 4 4 5 5 11 13 16 17 23 25 30 67 
Acartia sp. (No./100 1) CBC HPW2 DC Int. HPS Dis. HPW3 JI ICU CBE HPW1 ICD DWS 
3 9 11 13 16 16 17 22 34 57 58 62 177 
--------------
~-.. ·-----· -~---------- _ _, ______ 
Harpacticoid cooepods (No./100 1) HPW2 JI ICD DC DWS CBC Int. HPW3 HPS CBE Dis. ICU HPW1 
0 0 2 2 2 3 3 4 4 5 6 9 9 
----------
Rotifers (No./100 1) DWS Int. HPS ICD ICU DC Dis. HPW3 HPW1 JI CBC CBE HP~-12 
0 0 0 0 0 0 6 16 18 28 130 141 195 
Table C29 
James River Zooplankton ANOVA Summary 7-12-77 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ~ . 05) 
Copepod nauplii (No./100 1) DWS HPW2 Dis. HPS CBE HPW1 HPW3 INT CBC JI 
177 1116 1340 1806 2135 2227 2788 2838 3589 3639 
Barnacle nauplii (No./100 1) DWS HPW2 CBC Int. JI Dis. HPW1 HPW3 CBE HPS 
7 8 17 24 70 72 94 125 LB3 238 
Polychaete larvae (No./100 1) DWS JI HPH2 Int. CBC Dis. HPS HPW1 HPW3 CBE 




Pelecypod larvae (No./100 1) DWS HPW2 Dis. Int. JI HPS HPW3 HPW1 CBC CBE 
7 94 158 170 408 932 1409 1509 2725 9430 
Eurytemora sp. (No. I 100 1) Dis. CBE DWS HPW2 Int. HPW3 HPS HPW1 JI CBC 
0 0 1 2 9 9 11 29 63 662 
Acartia sp. (No./100 1) DWS JI HP1.J2 Dis. HPS HPW1 HPW3 Int. CBE CBC 
51 82 151 272 348 421 435 477 614 1214 
Harpacticoid copepods (No./100 1) Dis. JI HPW2 mvrs CBC HPW3 CBE HPS Int. HPWl 
0 0 2 3 11 29 33 39 51 72 
Table C30 
James River Zooplankton ANOVA Summary 7-21-77 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ( .05) 
Copepod nauplii (No./100 1) 
Barnacle nauplii (No./100 1) 
Polychaete larvae (No./100 1) 
Pelecypod larvae (No./100 1) 
Eurytemora sp. (No./100 1) 
Acartia sp. (No./100 1) 
Harpacticoid copepods (No./100 1) 


















































































James River Zooplankton ANOVA Summary 8-16-77 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a (. 05) 
Copepod nauplii (No./100 1) DC CBC Dis. HPS Dt.JS HPW3 HPW1 HPW2 CBE ICU Int. JI ICD 
345 349 541 547 597 726 936 981 1142 1671 1694 1935 2776 
Barnacle nauplii (No./100 1) HPS JI CBC HP~v2 HPW3 HPH1 DWS CBE ICU Dis. DC Int. ICD 
33 40 50 50 93 125 129 237 306 360 372 402 574 
Polychaete larvae (No./100 1) HPW2 DWS HPW3 HPW1 Dis. DC HPS JI CBE Int. CBC ICD ICU 




Pelecypod larvae (No./100 1) HPS DWS DC HPW2 HPH1 ICU CBC ICD CBE JI HPW3 Dis. Int. 
0 2 4 11 14 17 18 19 23 26 42 52 78 
Eurytemora sr_. (No. I 100 1) m-Js CBC ICD HP\.J1 ICU HPH3 DC Dis. HPS JI HPW2 Int. CBE 
0 0 4 6 7 8 8 9 10 19 22 24 31 
Acartia sp. (No./100 1) DC CBE ICU ICD CBC Dis. HPW3 HPW1 DWS HPS Int. JI HPW2 
57 70 80 84 114 130 138 166 182 238 253 317 314 
Harpacticoid copepods (No./100 1) DWS JI CBE HP\Vl HPH3 Int. CBC DC HPS Dis. ICD HPW2 ICU 
0 0 4 4 4 4 4 5 13 14 14 16 18 
Rotifers (No./100 1) DHS Dis. HP~-71 DC HPS ICD HPW2 CBE Int. HP\.J3 CBC JI ICU 
0 0 2 3 5 6 8 10 12 19 20 26 27 
Table C32 
James River Zooplankton ANOVA Summary 9-6-77 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a S·05) 
Copepod nauplii (No./100 1) Dis. DC DWS Int. CBE JI HPS HPW3 HPW1 ICD ICU CBC HPW2 
272 375 449 495 561 651 797 1017 1160 1177 2978 3972 4249 
Barnacle nauolii (No./100 1) DWS Int. HPW3 JI CBC CBE Dis. HPW2 HPS HPW1 ICD ICU DC 
23 30 44 60 63 76 93 93 106 121 224 267 32~ 
Polychaete larvae (No./100 1) HP1.J3 DWS CBE CBC Int. Dis. HPS JI HPW2 HPW1 DC ICTT Icn 
2 4 15 16 16 17 20 23 28 44 65 78 92 
""" 1-' 
0\ 
Pelecypod larvae (No./100 1) DWS Dis. Int. ICD DC JT ICU HPW3 HPW1 HPS CBC HPW2 CBE 
6 67 70 214 252 378 497 1374 1703 2660 3628 3690 5228 
Acartia sp. (No./100 1) Int. CBE Dis. JI HPS DWS HPW1 HPW3 ICU ICD HPW2 CBC DC 
77 89 127 128 132 148 224 231 262 334 361 572 606 
Rotifers (No./100 1) DWS Dis. DC JI HPS HPW1 CBE CBC HPW3 HPW2 Int. ICD ICU 
2 3 11 28 37 58 63 71 72 87 140 354 2430 
Table C33 
James River Zooplankton ANOVA Summary 11-9-77 
Parameter Stations and Means 
(Stations not sharing an underline are significantly different,a S .05) 
Copepod nauplii (No./100 1) HPW3 Dis. JI CBE DC HPW1 Int. CBC ICD DWS HPW2 ICU HPS 
84 141 172 184 225 273 316 402 536 550 700 715 1717 
Barnacle nauplii (No./100 1) HPW2 HPl.J3 JI CBC HPWl ICU DWS CBE HPS Int. ICD Dis. DC 
1 3 3 4 5 11 12 12 18 21 32 42 56 
Polychaete larvae (No./100 1) DWS Dis. JI CBC HPW3 HPW2 Int. DC HPS ICD ICU CBE HPW1 
10 17 19 23 32 35 37 53 77 96 106 125 200 w 
........ 
........,J 
Acartia sp. (No./100 1) HPW3 DC CBE Dis. CBC HPW1 ICD DWS JI ICU Int. HPS HPW2 
7 12 18 22 25 31 46 57 66 74 77 179 180 
Rotifers (No./100 1) HPW2 HPW1 CBE CBC Dis. HPS HPW3 DWS JI DC Int. ICD ICU 
0 3 6 12 16 24 28 31 43 57 58 64 66 
Euryternora sp. (No./100 1) DWS Int. HPS HP\.Jl Dis. ICU DC CBE ICD CBC HP1rJ3 HPW2 JI 
0 0 0 0 0 0 0 2 3 3 12 24 43 
Table C34 
James River Zooplankton ANOVA Summary 2-28-78 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ~. 05) 
Copepod nauplii (No. /100 1) CBE ICU INT JI DC DWS HPW2 CBC ICD Dis. HPW3 HPS HPWl 
67 100 113 117 128 131 134 161 173 196 272 282 413 
Barnacle nauplii (No. /100 1) CBE DC ICU INT HPW2 JI HPWl CBC DWS ICD ~PW3 Dis. HPS 
5 5 9 9 9 10 11 12 13 16 17 18 20 
Polychaete larvae (No./100 1) JI HPW2 CBE CBC HPW3 oos HPWl ICU DC HPS Dis. INT ICD 
3 5 19 22 23 24 50 60 62 62 69 72 88 
EuEYtemora sp. (No. /100 1) CBE HPS HPW2 JI INT HPWl Dis. CBC DC HPW3 ICU DWS ICD 
6 12 18 24 24 26 30 33 33 36 39 46 54 
<.,.) 
Acartia sp. (No. /100 1) HPS INT CBE CBC DWS HPW2 JI HPWl HPW3 Dis. ICU DC ICD t--1 00 
0 .6 .7 . 8 • 8 2 2 3 4 6 7 9 28 
Harpacticoid copepods (No./100 1) CBE DC HPW2 JI Dis. !NT HPS CBC HPWl DWS HPW3 ICD ICU 
0 0 .6 2 4 5 5 5 5 6 8 9 12 
Cyclopoid copepods (No./100 1) DC HPS CBE. HPW2 JI Dis. !NT CBC ICU HPWl ICD HPW3 DWS 
0 2 3 4 5 7 7 7 9 10 14 16 26 
Rotifers (No./100 1) oos CBE INT CBC HPW2 HPS JI Dis. ICD HPW3 DC ICU HPWl 
0 6 9 10 16 16 24 30 39 39 40 46 48 
Bosmina sp. (No./100 1) DWS !NT Dis. !CD CBE HPW2 HPS DC CBC HPW3 ICU HPWl JI 
0 0 0 0 . 7 1 2 2 2 3 4 4 4 
Table C-35 
James River Zooplankton ANOVA Summary 4-18-78 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ~.05) 
Copepod nauplii (No./100 1) JI HPW3 HPWl CBE DC CBC HPW2 DWS HPS INT Dis. ICU ICD 
472 523 699 808 1097 1484 1592 1620 1902 2051 2291 4454 4795 
Barnacle nauplii (No./100 1) JI DC CBE CBC HPW3 HPWl ICD Dis. HPW2 ICU DWS HPS INT 
5 12 34 57 73 74 114 122 172 174 210 288 360 
Polychaete larvae (No./100 1) DWS DC HPW2 JI HPS Dis. CBE HPWl ICU CBC ICD HPW3 INT 
.65 36 40 44 67 71 97 106 107 111 149 167 189 
Eurytemora sp. (No./100 1) CBE DC Dis. DWS HPWl INT HPS HPW2 ICU CBC HPW3 ICD JI 
74 130 153 175 225 234 315 377 406. 465 469 522 632 w 
J-1 
1..0 
Acartia sp. (No. /100 1) CBE DC Dis. DWS INT rcn HPW2 HPS ICU JI HP'Hl CBC HPW3 
13 15 20 36 43 51 62 66 68 76 82 87 124 
Harpacticoid copepods (No./100 1) CBE JI CBC HPW3 DHS INT ICU Dis. DC HPWl HPW2 HPS ICD 
6 18 18 26 26 33 38 50 52 71 125 129 557 
Cyclopoid copepods (No./100 1) CBE DC HPS INT HPW3 ICD DWS ICU Dis. HPWl HPW2 CBC JI 
5 6 8 12 15 15 17 23 23 30 33 40 61 
Rotifers (No. /100 1) INT HPS DC HPW1 ICU CBE DWS JI HPW3 CBC HPW2 ICD Dis. 
1 2 3 4 6 6 7 7 8 9 10 11 22 
Bosmina (No./100 1) DWS DC ICU Dis. ICD INT HPWl HPS CBE HPW2 CBC HPW3 JI 
• 6 .9 . 9 1 2 4 5 6 8 18 19 24 42 
Table C36 
James River Zooplankton ANOVA Summary 5-23-78 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a. ~.05) 
Copepod nauplii (No./100 1) HPW2 DC !CD !NT ICU HPWl oos Dis. HPS CBE CBC HPW3 JI 
34 41 197 521 641 700 832 996 1242 1916 1950 1975 2454 
Polychaete larvae (No./100 1) HPW2 Dis. CBE CBC JI DC !CD HPWl ICU HPW3 HPS TNT DWS 
0 0 0 0 0 0 2 6 8 22 40 127 1059 
Eur;ytemora sp. (No. /100 1) !CD HPW2 DC DWS !NT ICU HPWl Dis. CBE HPW3 CBC HPS JI 
10 13 20 41 44 63 67 76 96 109 152 201 280 
Acartia sp. (No./100 1) DC !CD HPW2 CBE HPW3 DWS JI HPWl !NT Dis. HPS CBC ICU 
. 85 2 4 6 7 11 12 15 19 20 22 22 24 
w 
Harpacticoid copepods (No./100 1) CBE JI HPW2 HPWl DC ICU Dis. DWS CBC INT HPW3 !CD HPS N 0 
4 6 8 10 14 17 20 24 27 31 31 32 131 
Cyclopoid copepods (No./100 1) HPW2 ms CBE DC !CD HPW3 HPWl JI HPS ICU !NT CBC Dis. 
7 24 36 41 50 105 124 162 169 195 237 279 1683 
Rotifers (No./100 1) DC !CD HPW2 ICU Dis. !NT CBE HPS HPW1 DWS CBC HPW3 JI 
4 6 14 15 99_ 112 153 173 181 354 432 1495 2159 
Bosmina sp. (No./100 1) HPW2 DC DWS !CD CBE HPW1 Dis. HPS !NT HPW3 ICU CBC Jl 
11 23 49 73 100 182 195 225 238 243 254 264 291 
Barnacle nauplii (No./100 1) JI CBC CBE Dis. HPWl HPW2 HPW3 HPS Tnt. TCD DC ICU DWS 
0 0 0 0 0 0 0 0 0 0 • 9. 1.8 7.7 
Table C37 
James River Zooplankton ANOVA Sunnnary 6-20-78 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a $: • 05) 
Copepod naup1ii (No. /100 1) DC ICD HPWl CBE Dis. ICU CBC HPS DWS HPW2 HPW3 INT JI 
332 524 1973 2246 2689 2825 4352 6672 6839 7742 8)57 8619 18531 
Barnacle nauplii (No./100 1) HPW3 HPW2 INT JI HPS CBE CBC DWS HPWl ICD DC ICU Dis. 
0 0 15 16 24 42 46 47 90 196 206 211 400 
Polychaete larvae (No. /100 1) JI HPWl CBE HPW2 CBC HPW3 DC DWS ICD Dis. HPS ICU INT 
0 7 9 10 27 28 33 52 55 84 101 134 235 
Pelecypod larvae (No. /100 1) ICD CBE ICU DC HPW3 HPWl JI CBC Dis. DWS HPW2 HPS INT 
53 143 157 207 468 541 731 887 1250 1282 3372 3614 3827 
Eurytemora sp. (No. /100 1) ICD CBE DC HPWl ICU Dis. DWS HPW3 JI INT HPS CBC HPW2 w 
25 40 63 79 100 126 251 251 316 631 794 1000 1259 N 1-' 
Acartia sp. (No. /100 1) HFt\'"3 CEE RPHl .JI T,..,n n,-, T"\.~- T"\TTn ICu CBC :nr-w-2 HPS INI .L\JJJ JJ\J JJ.LOo J.JVV.:> 
13 18 18 26 29 35 123 126 130 162 284 289 360 
Harpacticoid copepod s (No./100 1) CBE HPWl ICD ICU DC Dis. HPW2 DWS HPS HPW3 CBC INT JI 
2 4 14 16 16 20 20 22 34 53 62 68 93 
Cyc1opoid copepods (No./100 1) ICU ICD DWS DC Dis. INT CBC HP{..J1 CBE HPS HPW2 JI HPW3 
2 3 3 5 8 15 24 27 64 74 93 123 247 
Rotifers (No./100 1) DC ICD CBE Dis. HPW1 HPW2 ICU CBC HPS HPW3 DWS INT JI 
12 16 44 61 63 70 78 80 212 539 595 875 2181 
Bosmina sp. (No. /100 1) ms HPS Dis. DC ICD HPW1 ICU INT CBE CBC HPW2 JI HPW3 
0 0 0 0 .9 6 7 15 20 42 53 84 244 
Table C37 (Continued) 
James River Zooplankton ANOVA Summary 6-2D-78 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, Cl ~.05) 
Other Cladocerans (No./100 1) !CD DC HPWl ICU DWS Dis. CBE HPS INT HPW2 CBC JI HPW3 
4 11 21 25 29 30 33 84 243 514 529 923 1584 
Gastropod larvae (No./100 1) HPW3 :JMS HPW2 !NT HPWl CBE CBC ICU !CD HPS JI DC Dis. 
0 1 3 8 13 14 26 26 27 30 32 33 51 
Table C38 
James River Zooplankton ANOVA Summary 7-11-78 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ~.05) 
Copepod nauplii {No./100 1) ICU DC Dis. ICD JI 11\TS INT HPW3 CBC HPS HPWl CBE HPW2 
21 690 745 1287 1480 1772 1839 2194 2768 3687 3692 3952 4105 
Barnacle nauplii (No./100 1) ICU JI ICD DC HPW3 HPW2 CBC INT CBE Dis. HPWl ms HPS 
3 29 31 70 74 76 126 144 156 214 232 314 636 
Polychaete larvae (No./100 1) ICU HPW3 DC JI ICD CBE INT CBC 11\TS Dis. HPW2 HPWl HPS 
.9 6 14 24 26 39 41 49 66 67 79 122 199 
Pelecypod larvae (No./100 1) ICU DC ICD Dis. INT JI HPW2 CBC CBE HPWl HPS HPW3 11\TS 
3 29 36 67 120 152 165 166 178 196 263 317 405 w 
I"V 
w 
Eurytemora sp. (No. /100 1) ICU ICD DC Dis. HPWl INT DWS HPS HPW3 CBE CBC JI HPW2 
3 3 4 73 111 150 197 261 259 327 690 736 1148 
Acartia sp. (No. /100 1) ICU ICD DC HPWl HPS Dis. CBE INT HPW3 CBC HPW2 JI IJJS 
18 54 107 244 391 441 441 504 544 605 834 874 918 
Harpacticoid copepods (No./100 1) INT ICU HPW3 JMS HPS DC Dis. ICD CBE HPWl HPW2 CBC JI 
0 .9 4 7 16 18 20 23 57 82 83 92 96 
Cyclopoid copepods (No./100 1) IUS INT HPW3 Dis. DC ICU ICD HPS HPWl CBE CBC HPW2 JI 
0 0 0 0 3 4 4 11 12 42 177 295 326 
Rotifers (No./100 1) ICU DC INT HPS JI ICD CBE HPWl Dis. HPW3 HPW2 CBC ms 
2 25 31 33 35 37 39 53 54 116 120 162 171 
Table C38 ·(Continued) 
James River Zooplankton ANOVA Summary 7-11-78 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ~.05) 
Bosmina sp. (No./100 1) ms INT Dis. ICU ICD DC HPWl CBE HPW3 HPS JI HPW2 CBC 
0 0 0 0 0 0 4 18 20 21 97 149 229 
Gastropod larvae (No./100 1) HPW3 ws Jl HPWl ICU INT DC ICD HPW2 CBC Dis. HPS CBE 
0 21 21 28 35 52 58 61 70 99 100 100 166 
Table C39 
James River Zooplankton ANOVA Summary 8-23-78 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ~ .05) 
Copepod nauplii (No. /100 1) DC ICU ICD Dis. DWS HPS INT CBE HPWl CBC HPW3 HPW2 JI 
156 458 459 648 759 1114 1444 1691 2409 2917 3376 3598 3676 
Barnacle nauplii (No. /100 1) HPW2 CBC HPW3 Jl CBE ICD DC ICU HPS INT Dis. D\vS HPWl 
3 5 8 11 29 46 55 59 92 94 112 267 280 
Polychaete larvae (No./100 1) CBC JI CBE HPW3 HPW2 HPS DC HPWl ICD ICU INT DWS Dis. 
2 5 6 14 16 35 50 57 60 74 .102 109 209 
Pelecypod larvae (No./100 1) DC ICD ICU HPS Dis. INT HPW2 JI DWS CBC CBE HPWl HPW3 
24 36 48 190 259 329 330 352 429 456 587 1104 1647 
w 
Eurytemora sp. (No./100 1) Dis. DC ICD HPS ICU CBE INT HPW2 HPW1 CBC DWS HPW3 JI N Vl 
0 .9 2 6 7 8 23 28 31 41 60 100 120 
Acartia sp. (No./100 1) ICD HPS CBE DC HPW2 INT HPWl JI Dis. ICU CBC HPW3 DWS 
12 20 73 73 95 104 118 137 153 211 247 317 404 
Harpacticoid copepods {No./100 1) HPW2 HPS INT CBE DWS CBC ICU ICD HPW3 DC Dis. HPW1 JI 
3 3 4 4 5 6 12 17 17 21 41 47 57 
Cyclopoid copepods (No./100 1) INT Dis. DWS ICD ICU DC HPS CBE HPWl HPW2 HPW3 CBC JI 
0 0 1 3 3.5 4 6 10 63 83' 99 215 390 
Rotifers (No./100 1) DC ICU ICD HPW2 DWS Dis. HPW3 INT HPWl JI HPS CBC CBE 
10 22 26 97 116 150 204 205 212 335 340 352 414 
Bosmina sp. (No. /100 1) DWS INT Dis. ICU DC ICD HPS CBE HPWl HPW3 HPW2 CBC JI 
0 0 0 .9 .9 2 5 20 54 65 118 255 995 
Table C39 (Continued) 
James River Zooplankton ANOVA Summary 8-23-78 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ~.05) 
Other Cladocerans (No./100 1) INT Dis. ICU DC DWS ICD CBE HPS HPWl HPW2 CBC HPW3 JI 
0 0 0 0 3 6 12 20 31 37 108 116 192 
Gastropod larvae (No./100 1) HPW2 HPS DC ICU ICD INT CBE JI HPW3 HPWl CBC DWS Dis. 
6 9 14 15 18 19 25 29 30 31 41 44 48 
Table C40 
James River Zooplankton ANOVA Summary 9-19-78 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, a ~.05) 
Copepod nauplii (No. /100 1) Dis. ICU DC ICD HPWl DWS HPW2 JI CBC CBE INT HPW3 HPS 
738 843 1096 1164 !211 1296 1446 1532 1775 2411 2994 3290 3861 
Barnacle nauplii (No./100 1) IX-JS HPW2 ICU JI CBE HPS INT CBC ICD HPW3 HPWl Dis. DC 
71 98 142 163 188 188 191 221 259 280 297 354 460 
Polychaete larvae (No./100 1) DWS CBE JI HPW2 Dis. CBC HPS HPW3 DC HPWl INT ICU ICD 
34 37 38 49 76 79 80 88 92 109 117 190 226 
Pelecypod larvae (No./100 1) ICU DWS DC ICD Dis. INT HPl-/1 HPS HPW2 CBC CBE JI HPW3 
67 142 158 173 269 340 470 882 1278 1595 2045 3742 4730 
Eurytemora sp. (No. /100 1) INT HPW3 ICD HPl.J2 ICU CBE DWS HPWl HPS DC Dis. CBC JI w 
0 0 4 6 7 8 10 12 13 16 23 44 44 N 
-.....J 
Acartia sp. (No./100 1) ICD CBE Dis. ICU DC HPWl HPW2 DWS CBC JI HPW3 INT HPS 
39 87 133 152 238 241 270 431 606 666 847 920 1323 
Harpacticoid copepods (No./100 1) INT HPS HPW2 ICU oos JI CBE DC ICD HPW3 HPWl CBC HPS 
0 0 0 0 2 3 3 4 5 6 9 10 27 
Cyclopoid copepods (No./100 1) HPW2 Dis. ICD ICU DC HP1.J3 DWS HPS HPWl CBE JI CBC INT 
0 0 0 4 4 5 6 7 9 9 10 15 19 
Rotifers (No./100 1) CBC Dis. HPW3 HPWl DC DWS JI ICU ICD HPW2 HPS CBE INT 
66 66 88 120 120 124 139 141 164 264 339 442 762 
Gastropod larvae (No. /100 1) oos CBC CBE INT HPW2 DC HPl.Jl ICD ICU JI Dis. HPW3 HPS 
11 13 14 19 22 23 29 30 35 54 68 85 97 
Coelenterate medusae (No./100 1) DWS HPS CBE DC HPWl HPW3 ICU CBC HPW2 JI Dis. INT ICD 
0 0 0 0 3 3 4 6 8 8 10 19 34 
Table C41 
James River Zooplankton ANOVA Summary 11-14-78 
Parameters Stations and Means 
(Stations not sharing an underline are significantly different, Cl ~. 0 5) 
Copepod nauplii (No./100 1) DC !CD Dis. HPWl DWS HPS ICU CBC JI !NT HPW2 CBE HPW3 
102 181 183 201 308 399 406 517 578 592 629 714 1088 
Barnacle nauplii (No./100 1) JI HPW2 HPW3 HPWl CBC CBE DWS HPS ICU !NT .DC !CD Dis. 
2 6 10 14 14 14 17 23 33 39 84 106 128 
Polychaete larvae (No./100 1) DC HPWl !CD ICU Dis. DWS JI CBC CBE !NT HPS HPW3 HPW2 
35 73 82 87 164 176 281 285 309 336 394 1092 1111 
Pelecypod larvae (No./100 1) !NT DWS DC HPWl Dis. !CD ICU HPW2 HPS JI HPW3 CBE CBC 
4 5 5 6 10 16 21 24 29 29 39 43 49 
Eurytemora sp. (No./100 1) !NT HPS Dis. DC ICU JI !CD CBC HPW3 HPW1 DWS CBE HPW2 (.;.;) N 
0 0 0 0 .9 2 2 3 3 5 10 11 41 00 
Acartia sp. (No./100 1) DC !CD Dis. CBE DWS ICU CBC HPW1 !NT JI HPW3 HPS HPW2 
9 9 42 70 78 106 135 136 142 194 289 325 465 
Cyclopoid copepods (No. /100 1) HPS HPW3 HPWl CBE JI ICU ms CBC DC !CD HPW2 !NT Dis. 
0 0 0 0 0 0 .6 .8 .9 2 3 4 10 
Rotifers (No./100 1) DC DWS !NT !CD ICU HPWl Dis. HPS CBC JI CBE HPW3 HPW2 
4 5 8 8 8 15 16 19 33 106 115 284 291 
Gastropod larvae (No./100 1) DWS !NT HPS HPW3 HPW2 HPWl Dis. CBE ICU JI CBC DC !CD 
0 0 0 0 0 0 0 • 7 .9 1 3 4 5 
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Table Dl 
Seasonal and Spatial Distributions of Selected Benthic Animals - 1974 
A. Conge ria leucophaeta (No. 2 per 0.1 m ) 
Substrates and Station Numbers 
Fine sand Silty clay 
Silty Dredge Coarse 
Control Plume Control Plume Sand Spoils Sand 
Date 1 3 15 7 9 13 2 6 14 16 4 8 11 5 10 12 L.: 
Feb. 8 21 29 
May 2 2 6 10 
June 13 2 15 
July 10 1 11 w 
Aug. 1 1 2 11 2 24 27 6 74 w 0 
NQV. 1 1 
. ··--·--·~- ~--- ·---·- ·-
1 2 3 82 20 1 1 1 113 
L.: 3 0 1 1 0 1 2 11 1 4 27 142 34 1 22 2 --z-5--z 
B. Nereis succinea (No. per 0.1 m2) 
Substrates and Station Numbers 
Fine sand Silty clay 
Silty Dredge Coarse 
Control Plume Control Plume Sand Spoils Sand 
Date 1 3 15 7 9 13 2 6 14 16 4 8 11 5 10 12 L.: 
-----"7·- -·----------~-·-· ~-l.. 
Feb. 4 1 2 1 1 3 2 14 
May 4 3 1 1 2 1 2 14 
June 1 2 1 1 2 7 
July 1 1 1 1 2 1 7 
Aug. 2 6 1 1 11 
Nov. 6 1 3 1 1 1':\ 
------- ·- ----·-- --··-- 2 ·-3- 2 5 -0 
__ 2 ___ 
4 0 3 4 L.: 10 7 10 5 8 1 66 
Table Dl (Continued) (2) 
C. Oligochaetes (No. per 0.1 m2) 
Substrates and Station Numbers 
Fine sand Silty clay 
Silty Dredye Coarse 
Control Plume Control Plume Sana Spoi s Sand 
Date 1 3 15 7 9 13 2 6 14 16 4 8 11 5 10 12 2: 
;~ I Feb. 3 1 3 2 32 9 4 1 4 5 2 66 
Hay 2 1 2 I 1 2 1 1 5 15 June 1 3 3 14 2 2 9 3 1 5 6 8 57 
July 4 8 14 1 6 13 1 2 10 5 64 
Aug. I 1 2 1 3 7 8 7 2 3 34 i~ov. 3 2 5 4 27 21 20 4 2 36 124 / 14 15 0 23 16 8 12 83 38 0 47 3 11 15 1.8 '"'57 360 
(.,0 
0.1 m2) D. Leptocheirus p1umulosus (No. per w f--1 
Substrates and Station Numbers 
Fine sand Silty clay 
Siltd Dredfe Coarse 
Control Plume Control Plume San Spoi s Sand 
Date 1 3 15 7 9 13 2 6 14 16 4 8 11 5 10 12 l: 
Fe"i-J. ') 16 1 19 L.. 
:Jay 4 3 5 3 2 2 24 1 6 50 
June 2 1 9 6 3 6 1 3 2 33 
July 16 65 79 37 4 82 214 114 12 145 32 5 1 8 7 821 
Aug. 1 19 39 7 1 34 6 1 57 1 1 1 168 
Nov. 41 24 5 1 15 64 14 31 195 
~ 19 84 164 47 12 152 233 119 35 307 36 5 16 3 14 40 1286 
Table D2 
Seasonal and Spatial Distributions of Major Benthic Animals - 1975 
A. Rangia cuneata (No. per 0.1 m2) 
Substrates and Station Numbers 
Fine sand Silty clay 
Silty 
Control Plume Control Plume Sand 
Date 1 3 15 7 9 13 2 6 14 16 4 8 11 5 
Feb. 20 5 1 5 4 10 13 15 19 35 6 1 8 
Apr. 25 9 6 2 5 2 2 25 39 7 10 10 8 2 
June 13 4 1 2 4 6 18 13 7 10 26 15 43 6 
July 9 4 2 6 3 5 4 17 4 7 14 33 8 34 1 
Aug. 7 6 1 2 3 3 4 12 12 5 21 36 18 26 9 
Sep. 30 3 2 3 5 3 3 12 15 6 16 16 9 26 11 
~ I 31 12 14 23 17 23 94 96 47 90 156 64 130 37 
B. Congeria leucophaeta (No. 2 per 0.1 m ) 
Substrates and Station Numbers 
Fine sand Silty clay 
Silty 
Control Plume Control Plume Sand 
Date 1 3 15 7 9 13 2 6 14 16 4 8 11 5 
Feb. 20 I 1 1 40 28 19 1 Apr. 25 I 2 2 24 June 13 I 1 1 23 2 3 
July 9 
I 
1 1 2 1 
Aug. 7 I 1 4 30 3 SeE· 30 I 1 16 2: 1 0 0 1 0 1 I 3 2 0 2 45 108 41 4 I 
Dredf:e Coarse 
































Table D2 (Continued) (2) 
c. Corbicula manilensis (N0 • per 2 0.1 m ) 
-, Substrates and Station i~umbers 
Fine sand Silty clay 
silta Dredfe Coarse Control Plume Control Plume San Spoi s · Sand 
Date 1 3 15 7 9 13 2 6 14 16 4 8 11 5 10 12 2: 
Feb. 20 I 0 I 
Apr. 25 I 1 1 1 1 6 10 June 13 1 3 1 1 6 
July 9 1 1 1 1 1 1 6 
Aug. 7 1 1 1 2 1 2 8 16 
Se_p_. 30 1 1 1 12 15 
2: 3 5 1 1 6 0 0 3 0 1 1 0 2 1 1 28 53 
D. Hydrobia sp. (No. per 0.1 m2) w w 
w 
Substrates and Station Numbers 
Fine sand Silty clay 
Silty Dredfe Coarse 
Control Plume Control Plume Sand Spoi s Sand 
Date 1 3 15 7 9 13 2 6 14 16 4 8 11 5 10 12 2: 
Feb. 20 0 Apr. 25 0 June 13 91 87 1 32 4 2 17 234 
July 9 44 19 2 24 6 15 21 30 11 234 1 2 4 2 415 
Aug. 7 10 12 1 1 5 9 3 29 14 1 3 88 
Sep. 30 1 1 
!145 118 4 57 11 28 24 0 61 25 234 1 2 0 5 23 738 
i 
Table D2 (Continued) (3) 
E. Scolecolepides viridis (No. per 0.1 m2) 
Substrates and Station Numbers 
Fine sand Silty clay 
Control Plume Control Plume 
Date 1 3 15 7 9 13 2 6 14 16 4 8 11 
Feb. 20 
I 
2 1 1 1 
Apr. 25 2 3 2 6 6 2 3 1 8 8 
June 13 4 2 1 I 6 3 1 1 23 4 July 9 1 1 1 4 2 1 2 4 1 1 3 Aug. 7 1 I 1 7 1 6 1 Se__p. 30 1 2 2 1 
z 1 2 9 1 5 5 I 19 8 14 11 4 40 16 
F. Nereis succinea (No. per 0.1 m2) 
Substrates and Station Numbers 
Fine sand Silty clay 
Control Plume Control Plume 
Date 1 3 15 7 9 13 2 6 14 16 4 8 11 
Feb. 20 4 1 2 1 2 1 
Apr. 25 7 2 8 1 2 
June 13 
July 9 1 1 1 1 
Aug. 7 1 1 2 12 1 
Sep. 30 1 1 7 


















































Table D2 (Continued) (4) 
G. Oligocaetes (No. per 0.1 m2) 
Substrates and Stations Numbers 
Fine sand Silty Clay 
Silty Dredge Coarse 
Control Plume Control Plume Sand Spoils Sand 
Date 1 3 15 7 9 13 2 6 14 16 4 8 11 5 10 12 2:: 
Feb. 20 21 8 7 1 3 33 25 31 5 1 6 78 219 
Apr. 25 4 4 8 26 20 1 1 21 1 1 9 96 
June 13 2 8 1 3 8 20 2 7 4 1 1 5 1 63 
July 9 3 4 1 4 1 15 2 3 2 4 3 1 3 46 
Aug. 7 2 3 1 3 6 3 1 3 5 27 
SeE· 30 1 7 2 2 1 1 5 3 6 2 4 3 8 45 
~ 33 34 11 7 8 20 95 60 48 4 43 1 7 13 98 14 496 w 
2 w H. Gammarus sp. (i~o. per 0.1 m) Ul 
Substrates and Stations Numbers 
Fine sand Silty Clay 
Silty Dredge Coarse 
Control Plume Control Plume Sand Spoils Sand 
Date 1 3 15 7 9 13 2 6 14 16 4 8 11 5 10 12 L: 
Feb. 20 1 1 2 1 1 1 7 
Apr. 25 0 
June 13 1 3 6 1 8 1 3 9 1 12 2 47 
July 9 0 
Aug. 7 2 2 
Sep. 30 0 
:>.: 0 1 1 3 6 1 0 9 0 1 5 9 4 13 2 1 56 
Table 02 (Continued) (5) 
I. Corophium lacustre (No. per 0.1 m2) 
Substrates and Station Numbers 
Fine sand Silty clay 
Control Plume Control Plume 
Date 1 3 15 7 9 13 2 6 14 16 4 8 11 
Feb. 20 1 1 12 
Apr. 25 1 
June 13 1 3 2 20 1 3 11 
July 9 1 4 
Aug. 7 2 5 
Sep. 30 1 3 
-~ 3 0 1 0 1 4 2 20 1 0 4 21 15 
J. Lepidactylus dytiscus (No. per 0.1 m2) 
Substrates and Station Numbers 
Fine sand Silty clay 
Control Plume Control Plume 
Date 1 3 15 7 9 13 2 6 14 16 4 8 11 
Feb. 20 3 7 8 1 
Apr. 25 3 4 
June 13 6 1 
July 9 6 3 7 
Aug. 7 2 10 
Se.-2_. 30 1 1 


















































Table D2 (Continued) (6) 
K. Leptocheirus plum.ulosus (No. per 0.1 m2) 
Substrates and Station Numbers 
Fine sand Silty clay 
Silty Dredge Coarse 
Control Plume Control Plume Sand Spoils Sand 
Date 1 3 15 7 9 13 2 6 14 16 4 8 11 5 10 12 z: 
Feb. 20 3 1 1 48 1 54 
Apr. 25 2 3 18 23 
June 13 7 25 12 27 1 16 88 
July 9 11 1 4 6 4 10 10 2 2 2 52 
Aug. 7 1 4 1 2 1 9 
Sep. 30 1 5 5 6 1 18 
"' 0 9 41 0 0 5 14 13 17 104 17 2 0 17 3 2 24q '--' 
I w 
2 w L. Dipteran larvae (No. per 0.1 m ) -....J 
Substrates and Station Numbers 
Fine sand Silty clay 
Silty Dredge Coarse 
Control Plume Control Plume Sand Spoils Sand 
Date 1 3 15 7 9 13 2 6 14 16 4 8 11 5 10 12 2.: 
Feb. 20 6 1 1 1 1 4 1 1 3 1 20 
Apr. 25 2 2 1 1 3 1 1 11 
June 13 1 4 2 3 1 3 14 
July 9 2 2 1 3 1 2 2 1 2 1 5 1 23 
Aug. 7 1 3 1 1 3 3 1 7 20 
Sep. 30 1 1 1 2 1 6 
;: 12 10 3 4 6 3 2 13 3 0 2 4 5 3 11 13 94 
Table D3 
Seasonal and Spatial Distributions of Major Benthic Animals - 1976 
A. Rangia cuneata (No. per 0.1 m2) 
Fine Sand 
Control Plume 
__ J)at_e 1 3 15 7 9 13 
Jan. 12 4 1 6 6 8 
Apr. 7 4 1 4 1 3 
June 9 8 1 3 7 2 
July 20 4 3 7 2 2 
Aug. 17 3 2 5 3 1 
Oct. 29 1 5 1 1 2 4 
24 11 10 27 15 18 
B. Conge ria leucoEhaeta (No. per 0.1 m2) 
Fine Sand 
Control Plume 
Date 1 3 15 7 9 13 






0 0 2 1 0 0 
Substrates and Station Numbers 
Silty Clay 
Control Plume 
2 6 14 16 4 8 11 
8 36 3 7 13 6 26 
14 13 1 17 16 6 17 
20 13 13 17 11 3 6 
14 10 1 20 12 10 11 
13 24 21 1 15 13 6 
12 80 5 4 19 11 22 
81 176 44 66 86 49 88 
Substrates and Station Numbers 
Silty Clay 
Control Plume 
2 6 14 16 4 8 11 
2 9 32 
1 8 
1 2 10 
2 1 
2 13 1 3 1 
1 1 
0 2 14 3 1 25 45 
Silty Dredge Coarse 
Sand Spoils Sand 






29 4 4 
Silty Dredge Coarse 
Sand Spoils Sand 























Table D3 (cont. ) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1976 
C. Corbicula manilensis (No. per 0.1 m2) 
Fine Sand 
Control Plume 
Date 1 3 15 7 9 13 
Jan. 12 
Apr. 7 
June 9 1 1 
July 20 
Aug. 17 
Oct. 29 1 
0 1 0 1 1 0 
D. Hydrobia sp. (No. per 0.1 m2) 
Fine Sand 
Control Plume 
Date 1 3 15 7 9 13 
Jan. 12 3 1 2 1 1 
Apr. 7 1 1 
June 9 2 1 1 
July 20 4 2 1 
Aug. 17 
Oct. 29 1 
10 5 2 3 1 1 
Substrates and Station Numbers 
Silty Clay 
Control Plume 




2 0 0 0 1 0 1 
Substrates and Station Numbers 
Silty Clay 
Control Plume 
2 6 14 16 4 8 11 
1 7 3 2 
1 2 
2 10 4 2 2 1 
3 38 1 1 
19 22 2 
















































5 1 1 
Table D3 (cont. ) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1976 
E. Scolecolepides viridis (No. per 0.1 m2) 
Fine Sand 
Control Plume 
Date 1 3 15 7 9 13 
Jan. 12 1 2 1 
Apr. 7 1 2 




1 0 9 2 3 1 
F. Nereis succinea (No. per 0.1 m2) 
Fine Sand 
Control Plume 
Date 1 3 15 7 9 13 
Jan. 12 1 4 
Apr. 7 2 1 
June 9 1 
July 20 1 1 
Aug. 17 1 
Oct. 29 1 4 1 
0 1 6 2 3 6 
Substrates and Station Numbers 
Silty Clay 
Control Plume 
2 6 14 16 4 8 11 
1 1 
1 4 4 
1 1 8 
1 2 
4 1 
0 6 1 6 1 1 14 
Substrates and Station Numbers 
Silty Clay 
Control Plume 
2 6 14 16 4 8 11 
1 
3 3 5 















































Table D3 (cant. ) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1976 
G. Oligochaetes (No. per 0.1 m2) 
Fine Sand 
Control Plume 
Date 1 3 15 7 9 13 
Jan. 12 2 1 
Apr. 7 3 2 
June 9 6 
July 20 
Aug. 17 
Oct. 29 1 
2 4 0 9 0 0 
H. Gammarus sp. (No. per 0.1 m2) 
Fine Sand 
Control Plume 
Date 1 3 15 7 9 13 
Jan. 12 1 2 
Apr. 7 




0 0 4 0 0 2 
Substrates and Station Numbers 
Silty Clay 
Control Plume 
2 6 14 16 4 8 11 
2 1 1 2 
1 
1 
1 2 1 1 1 2 0 
Substrates and Station Numbers 
Silty Clay 
Control Plume 
















































Table DS (cont.) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1976 
I. Corophium lacustre (No. per 0.1 m2) 
Fine Sand 
Control Plume 
Date 1 3 15 7 9 13 
Jan. 12 1 6 
Apr. 7 1 
June 9 1 18 3 16 
July 20 4 1 
Aug. 17 
Oct. 29 
2 0 22 1 9 17 
J. Lepidactylus dytiscus (No. per 0.1 m2) 
Fine Sand 
Control Plume 
Date 1 3 15 7 9 13 
Jan. 12 6 
Apr. 7 5 
June 9 2 2 
July 20 7 
Aug. 17 1 
Oct. 29 1 4 
0 8 0 1 19 0 
Substrates and Station Numbers 
Silty Clay 
Control Plume 
2 6 14 16 4 8 11 




1 15 1 1 0 1 31 
Substrates and Station Numbers 
Silty Clay 
Control Plume 
2 6 14 16 4 8 11 
3 












































Table D3 (cont.) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1976 
K. Leptocheirus plumulosus (No. per 0.1 m2) 
Fine Sand 
Control Plume 
Date 1 3 15 7 9 13 
Jan. 12 1 
Apr. 7 
June 9 4 5 
July 20 3 1 
Aug. 17 
Oct. 29 5 
0 0 13 0 1 5 
L. Dipteran larvae (No. per 0.1 m2) 
Fine Sand 
Control Plume 
Date 1 3 15 7 9 13 
Jan. 12 
Apr. 7 1 1 1 
June 9 1 2 1 1 
July 20 1 
Aug. 17 
Oct. 29 1 1 
1 2 2 2 2 2 
Substrates and Station Numbers 
Silty Clay 
Control Plume 




1 1 1 1 1 
3 2 1 6 1 1 1 
Substrates and Station Numbers 
Silty Clay 
Control Plume 
2 6 14 16 4 8 11 
















































Seasonal and Spatial Distributions of Major Benthic Animals - 1977 
A. Rangia cuneata (No. per 0.1 m2) 
Substrates and Station Numbers 
Sand Silty Clay 
Control Plume Control Plume 
Date 1 3 12 7 9 13 5 10 2 6 14 16 4 8 11 
Mar. 8 1 6 1 3 3 1 7 7 5 11 18 7 19 
Apr. 25 4 7 2 2 7 2 1 4 17 5 
June 20 1 17 5 2 1 6 13 5 10 4 21 10 17 15 
July 14 2 8 2 10 2 5 24 14 4 15 2 12 34 3 13 
Aug. 18 2 2 5 5 11 19 9 9 7 11 10 6 17 11 
Oct. 10 7 11 6 3 2 10 5 6 8 1 27 8 2 11 
E 13 20 35 34 18 32 54 42 36 53 13 85 93 51 69 
B. Rangia cuneata (g per 0.1 m2) 
Substrates and Station Numbers 
Sand Silty Clay 
Control Plume Control Plume 
Date 1 3 12 7 9 13 5 10 2 6 14 16 4 
Mar. 8 .41 . 98 .44 1. 46 .42 1. 69 1. 08 .50 1.60 2.55 
Apr. 25 1.42 5.28 1. 32 .50 4.56 .79 .12 1.15 2.70 
June 20 15.20 2.21 .52 1.31 .14 .26 4.97 4.10 5.49 4.64 
July 14 .83 1.54 .67 .74 . 62 .52 .01 2.77 2.01 2.59 15.13 
Aug. 18 1. 08 2.36 .92 2.17 .80 .01 1.00 5.06 4.19 3.72 1.55 
Oct. 10 3.72 8.33 3.95 .01 .74 2.78 2.89 6.73 3.63 










































Table D4 (continued) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977 
c. Congeria leucophaeta (No. 2 per 0. 1 m ) 
Substrates and Station Numbers 
Sand Silty Clay Silt 
Control Plume Control Plume ·sand Clay 
Date 1 3 12 7 9 13 5 10 2 6 14 16 4 8 11 15 L: 
Mar. 8 1 1 2 
Apr. 25 1 1 1 3 
June 20 1 30 31 
July 14 1 1 
Aug. 18 2 2 
Oct. 10 i 0 




D. Macoma mitchelli (No. per 0.1 m2) 
-
Substrates and Station Numbers 
Sand Silty Clay Silt 
Control Plume Control Plume Sand Clay 
Date 1 3 12 7 9 13 5 10 2 6 14 16 4 8 11 15 L: 
Har. 8 I 0 Apr. 25 
I 3 
6 6 
June 20 1 1 
July 14 4 1 4 1 1 14 
Aug. 18 ~ 1 1 5 
Oct. 10 11 2 3 2 4 7 10 4 4 2 1 57 ++-1-~ L: 11 2 3 2 0 3 ' 10 7 10 2 5 9 1 3 7 83 
Table D4 (continued) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977 
E. Corbicula manilensis (No. per 0.1 m2) 
Substrates and Station Numbers 
Sand Silty Clay 
Control Plume Control Plume 
Date 1 3 12 7 9 13 5 10 2 6 14 16 4 8 11 
Mar. 8 4 1 1 1 
Apr. 25 1 1 
June 20 1 2 1 
July 14 2 
Aug. 18 1 
Oct. 10 
L: 0 2 6 2 3 0 1 0 0 1 0 0 0 0 1 
F. Hydrobia sp. (No. per 0.1 m2) 
Substrates and Station Numbers 
Sand Silty Clay 
Control Plume Control Plume 
Date 1 3 12 7 9 13 5 10 2 6 14 16 4 8 11 
Mar. 8 3 1 1 1 23 21 5 
Apr. 25 1 1 9 3 1 
June 20 8 2 2 1 4 
July 14 1 4 3 
Aug. 18 2 1 3 2 3 1 
Oct. 10 2 1 1 1 1 1 
























Table D4 (continued) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977 
G. Scolecolepides vi rid is (No. per 0.1 m2) 
Substrates and Station Numbers 
Sand Silty Clay silt 
Control Plume Control Plume Sand Clay 
Date 1 3 12 7 9 13 5 10 2 6 14 16 4 8 11 15 L: 
Mar. 8 1 2 2 1 1 2 1 5 15 
Apr. 25 2 1 5 1 1 5 15 
June 20 6 2 1 9 2 4 24 
July 14 3 5 1 5 1 2 6 7 30 
Aug. 18 4 4 4 6 1 3 2 2 1 27 
Oct. 10 4 6 6 1 2 1 4 24 
L: 4 3 4 0 2 13 24 14 2 5 9 2 17 10 21 5 135 w 
~ 
-.....! 
H. Nereis succinea (No. per 0.1 m2) 
Substrates and Station Numbers 
Sand Silty Clay Silt 
Control Plume Control Plume sand Clay 
Date 1 3 12 7 9 13 5 10 2 6 14 16 4 8 11 15 L: 
Mar. 8 1 1 3 2 2 9 
Apr. 25 1 1 1 1 1 2 8 
June 20 1 2 1 2 2 9 
July 14 1 2 2 1 6 
Aug. 18 7 1 1 1 1 3 1 1 1 17 
Oct. 10 14 2 9 5 9 I 2 3 4 1 1 2 8 60 ~----
L: 23 4 11 3 8 13 l 0 2 0 5 11 4 0 5 8 12 109 
Table D4 (continued) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977 
I. Heteromastus filiformis (No. per 0.1 m2) 
Substrates and Station Numbers 
Sand Silty Clay 
Control Plume Control Plume 
Date 1 3 12 7 9 13 5 10 2 6 14 16 4 8 11 
Mar. 8 
Apr. 25 
June 20 2 
July 14 1 1 15 
Aug. 18 1 1 2 2 4 
Oct. 10 1 1 4 7 
l: 1 0 1 1 0 3 I 7 1 0 0 0 0 0 0 28 
J. Oligochaetes 2 (No. per 0.1 m) 
Substrates and Station Numbers 
Sand Silty Clay 
Control Plume Control Plume 
Date 1 3 12 7 9 13 5 10 2 6 14 16 4 8 11 
Mar. 8 1 3 1 
Apr. 25 2 2 1 
June 20 1 1 1 
July 14 1 1 1 
Aug. 18 1 
Oct. 10 1 1 


























Table D4 (continued) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977 
K. Gammarus sp. (No. 2 per 0.1 m) 
Substrates and Station Numbers 
Sand Silty Clay Silt 
Control Plume Control Plume Sand Clay 
Date 1 3 12 7 9 13 5 10 2 6 14 16 4 8 11 15 L: 
Mar. 8 2 8 4 4 2 9 29 
Apr. 25 2 1 5 10 2 1 21 
June 20 2 4 1 2 9 
July 14 1 1 3 
Aug. 18 0 
Oct. 10 0 
L: 1 2 4 1 0 0 13 5 5 4 10 4 1 0 12 0 62 (.;.) 
~ 
1..0 
L. Corophium lacustre (No. 2 per 0.1 m) 
Substrates and Station Numbers 
Sand Silty Clay silt 
Control Plume Control Plume sand Clay 
Date 1 3 12 7 9 13 5 10 2 6 14 16 4 8 11 15 L: 
Mar. 8 0 
Apr. 25 3 1 3 1 1 1 7 17 
June 20 2 10 14 5 2 3 1 1 2 6 47 93 
July 14 378 1 1 1 3 384 
Aug. 18 16 1 3 6 26 
Oct. 10 1 1 
L: 397 13 16 8 2 1 4 0 2 1 5 3 0 12 57 0 521 
Table D4 (continued) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977 
M. Lepidactylus dytiscus (No. per 0.1 m2) 
Substrates and Station Numbers 
Sand Silty Clay Silt 
Control Plume Control Plume Sand Clay 
Date 1 3 12 7 9 13 5 10 2 6 14 16 4 8 11 15 l: 
Mar. 8 11 1 12 
Apr. 25 3 1 4 
June 20 13 1 14 
July 14 2 2 4 
Aug. 18 3 5 1 9 
Oct. 10 2 1 3 
l: 0 2 19 1 22 0 0 1 0 0 0 1 0 0 0 0 46 w 
V1 
'0 
N. Leptocheirus plumulosus (No. per 0. 1 m2) 
Substrates and Station Numbers 
Sand Silty Clay Silt 
Control Plume Control Plume Sand Clay 
Date 1 3 12 7 9 13 5 10 2 6 14 16 4 8 11 15 l: 
Mar. 8 3 2 3 2 7 17 
Apr. 25 0 
June 20 1 4 9 3 12 13 8 2 1 10 63 
July 14 4 2 3 15 2 10 13 11 1 7 8 76 
Aug. 18 1 3 10 12 10 8 4 19 3 1 1 8 80 
Oct. 10 4 3 7 2 4 1 3 1 25 
I; 9 3 9 4 0 16 13 30 14 34 20 46 17 10 3 33 261 
Table D4 (continued) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977 
0. Cyathura polita (No. per 0.1 m2) 
Substrates and Station Numbers 
Sand Silty Clay Silt 
Control Plume Control Plume Sand Clay 
Date 1 3 12 7 9 13 5 10 2 6 14 16 4 8 11 15 2: 
r 
i 
Mar. 8 1 1 3 2 7 
Apr. 25 1 1 6 8 
June 20 1 3 1 3 8 
July 14 1 1 1 3 1 1 1 10 
Aug. 18 1 1 3 1 7 
Oct. 10 1 1 1 1 1 1 1 7 
2: 0 0 0 0 1 1 3 3 2 3 8 7 2 4 12 1 47 w 
V1 
1--' 
P. Dipteran larvae (No. 2 per 0. 1 m ) 
Substrates and Station Numbers 
Sand Silty Clay silt 
Control Plume Control Plume sand Clay 
Date 1 3 12 7 9 13 5 10 2 6 14 16 4 8 11 15 2: 
,...----
Mar. 8 I 1 1 
Apr. 25 3 I 3 7 
June 20 1 2 
July 14 3 3 
Aug. 18 1 1 
Oct. 10 
a--+ 0 L: 3 3 1 0 0 0 1 5 0 0 0 0 0 0 14 
Table DS 
Seasonal and Spatial Distributions of Major Benthic Animals - 1978 
A. Rangia cuneata (No. per 0.1 m2) 
Date 1 
Jan. 18 4 
Apr. 10 3 
June 13 4 
July 12 3 
Aug. 7 13 





























































Substrates and Station Numbers 
Sand-Silt-Clay 
Control Plume 
5 6 16 I 9 11 13 
9 1 8 3 13 5 
2 6 1 3 
2 28 6 4 3 15 
1 22 5 5 6 
8 10 15 6 18 26 
13 7 6 4 36 6 
33 70 46 18 78 58 
Substrates and Station Numbers 
(Sand-Silt-Clay) 
Control 
5 6 16 I 9 
1.72 1.15 2.52 .04 
1.40 1.74 .48 
. 20 7.90 1.83 .63 
.02 12.23 3.15 
.22 3.73 3.30 





1. 27 .04 
1.62 . 64 
7.16 3.41 
2.52 1.85 
2.35 29.14 13.19 1.95 14.67 7.64 
Clayey-Silt 
Control Plume 
2 10 14 I . 4 8 
13 13 7 
4 1 1 19 9 
4 4 13 6 
9 3 9 
3 16 15 21 
10 4 2 10 17 
43 21 7 73 69 
(Clayey-Silt) 
Control Plume 
2 10 14 r 4 8 
5.67 4.04 1.82 
1.68 .14 .02 5.45 3.81 
1.06 .72 3.89 .54 
5.16 .65 1.29 
1.47 .10 2. 95 1.83 
3.37 .03 .01 1.78 2.16 
























Table D5 (continued) 
Seasonal and Spatial Distributions of Hajor Benthic Animals - 1978 
c. Conge ria leucophaeta (No. per 0.1 m2) 
Substrates and Station Numbers 
Sand Sand-S il ~Clay Clayey-Silt 
Control Plume Control Plume Control Plume 
Date 1 3 12 15 7 5 6 16 9 11 13 2 10 14 4 8 Total 
Jan. 18 0 
Apr. 10 .1 1 
June 13 0 
July 12 0 
Aug. 7 3 1 4 
Oct. 18 3 1 1 1 7 13 
w 
Total 0 0 3 0 0 0 0 0 0 1 0 0 1 3 2 8 18 Ll1 I w 
D. Macoma mitchelli (No. per 0.1 m2) 
Substrates and Station Numbers 
S.and (Sand-Silt-Clay) (Clayey-Silt) 
Control Plume Control Plume Control Plume 
Date 1 3 12 15 I 7 5 6 16 I 9 11 13 2 10 14 J 4 8 Total 
Jan. 18 1 2 1 I 2 2 5 2 2 1 1 19 I Apr. 10 I 0 June 13 
' 
0 
July 12 0 
Aug. 7 I 1 1 2 4 I 
Oct. 18 1 1 2 7 12 22 
Total 1 0 2 1 1 ! 2 1 4 0 12 3 2 0 I 15 1 0 45 I 
I 
I 
Table. DS (continued) 
Seasonal and Spatial Distributions of ~1ajor Benthic Animals - 1978 
E. Corbicula manilensis (No. per 0.1 m2) 
Substrates and Station Numbers 
Sand Sand-Silt-Clay 
Control Plume Control Plume 
Date 1 3 12 15 I 7 5 6 16 I 9 11 
Jan. 18 1 
Apr. 10 1 
June 13 
July 12 3 
Aug. .7 
Oct. 18 2 
Total 0 0 6 0 0 0 0 0 0 1 











































13 2 10 14 I "4 8 
1 
0 0 0 0 0 1 
(Clayey-Silt) 
Control Plume 
13 2 10 14 I 4 8 
7 
1 



















Table D5 (continued) 
Seasonal and Spatial Distributions of Hajor Benthic Animals - 19 78 

























































Substrates and Station Numbers 
S a.t!d-S ilt-Clay 
Control Plume 
5 6 16 I 9 11 
1 3 
2 1 2 
13 7 3 25 
2 30 4 1 25 
1 1 3 1 
4 3 5 1 1 
22 41 14 5 57 




















13 2 10 14 l 4 8 
1 
1 1 .2 
4 5 3 
2 9 6 
7 2 
8 2 5 1 18 9 
(Clayey-Silt) 
Control Plume 
13 2 10 14 I 4 8 






4 1 1 1 

















Table D5 (continued) 
Seasonal and Spatial Distributions of ~1ajor Benthic Animals - 1978 
I. He te romas tus filiformis (No. per 
Sand 
Control Plume 
Date 1 3 12 15 1 7 
Jan. 18 
Apr. 10 




Total 0 0 0 1 0 






















Substrates and Station Numbers 
Sand-Silt-Clay 
Control Plume 







1 0 0 0 34 























4 0 0 0 3 0 
(Clayey-Silt) 
Control Plume 
13 2 10 14 I 4 8 
1 
1 2 5 


















Table DS (continued) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1978 
K. Gammarus sp. (No. per 0.1 m2) 
Substrates and Station Numbers 
Sand Sand-SilLClay Clayey-Silt 
Control Plume Control Plume Control Plume 
Date 1 3 12 15 7 5 6 16 9 11 13 2 10 14 4 8 Total 
Jan. 18 1 1 2 
Apr. 10 1 1 2 
June 13 1 3 4 
July 12 11 1 12 
Aug. 7 1 1 1 3 
Oct. 18 0 w 
Total 1 0 D 0 0 1 11 0 0 2 0 1 1 1 5 0 23 1..11 
'-l 
L. CoroEhium lacustre (No. per 0.1 m2) 
Substrates and Station Numbers 
Sand 
(Sand-Silt-Clay) (Clayey-Silt) 
Control Plume Control Plume Control Plume 
Date 1 3 12 15 7 5 6 16 9 11 13 2 10 14 4 8 Total 
Jan. 18 1 1 2 
Apr. 10 1 1 
June 13 1 1 2 
July 12 1 3 106 3 113 
Aug. 7 1 3 1 9 1 1 5 1 23 
Oct. 18 10 1 11 
Total 0 0 12 1 6 1 107 1 10 0 0 1 1 6 1 5 152 
Table D5 (continued) 
Seasonal and Spatial Distributions of Hajor Benthic Animals - 1978 
M. Lepidactylus dytiscus (No. per 0.1 m2) 
Substrates and Stat ion Numbers 
Sand Sand-Silt-Clay 
Control Plume Control Plume 
Date 1 3 12 15 I 7 5 6 16 I 9 11 
Jan. 18 2 1 
Apr. 10 3 4 6 3 6 
June 13 2 1 1 
July 12 3 3 6 
Aug. 7 3 9 
Oct. 18 2 5 
Total 0 13 17 2 6 3 0 0 18 1 




June 13 1 
July 12 4 
























Substrates and Station Numbers 
(Sand-Silt-Clay) 
Control 




1 19 17 
5 8 13 

















2 10 14 I 
1 
0 0 1 
(Clayey-Silt) 
Control 




2 7 3 
7 1 10 




























Table D5 (continued) 
Seasonal and Spatial Distributions of Hajor Benthic Animals - 1978 
0. Cyathura Eolita (No. per 0.1 m2) 
Substrates and Station Numbers 
Sand Sand-Silt-Clay Clayey-Silt 
Control Plume Control Plume Control Plume 
Date 1 3 12 15 7 5 6 16 9 11 13 2 10 14 4 8 Total 
Jan. 18 2 1 3 3 1 2 1 1 14 
Apr. 10 1 1 1 .1 4 
June 13 1 1 2 
July 12 2 3 1 2 8 
Aug. 7 3 2 1 1 3 3 13 
Oct. 18 2 3 1 1 2 9 
w 
Total 0 0 4 3 0 0 6 4 0 6 1 7 3 7 5 4 so U1 
...0 
P. Dipteran larvae (No. per 0.1 m2) 
Substrates and Station Numbers 
Sand (Sand-Silt-Clay) (Clayey-Silt) 
Control Plume Control Plume Control Plume 
Date l 3 12 15 7 5 6 16 9 11 13 2 10 14 4 8 Total 
Jan. 18 1 1 2 
Apr. 10 1 1 1 3 
June 13 0 
July 12 1 1 2 
Aug. 7 0 
Oct. 18 0 
-----------------·---r---·---·------··-----
Total 0 0 1 0 0 0 2 0 0 0 0 2 0 0 1 1 7 
Table D6 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977, 1978 
(1.0 and 0.5 mm Fractions combined) 
A. Rangia cuneata (No. per 0.1 m2) 
Substrates and Station Numbers 
San d Sand-Silt-Clay ClaYeY-.S.tl t 
Reference Plume. Reference Pltune Reference Plume 
-·--·--
Date l. 3 12 15 7 5 6 16 9 11 13 2 10 14 4 8 
1977 
Apr. 25 1 8 8 6 6 5 1 2 8 1 1 17 8 
June 20 2 1 22 4 7 6 14 28 2 18 3 5 19 4 12 19 
July 14 3 10 3 4 13 31 15 12 3 14 5 5 15 2 34 3 
Aug. 18 2 2 8 4 7 16 11 10 11 11 21 7 9 1 6 17 
Oct. 20 7 1 13 2 7 11 8 27 4 11 2 6 5 2 8 2 
1978 
Jan. 18 4 5 13 0 2 9 2 8 3 15 5 13 0 0 13 7 
Apr. 10 3 1 0 1 1 0 2 6 1 3 0 4 1 1 19 9 
June 13 4 8 3 2 7 2 52 9 8 5 22 4 1 6 18 7 
July 12 3 1 0 20 8 2 25 5 3 7 6 9 0 0 7 10 
Aug. 7 ~9 4 16 27 10 21 15 30 10 22 48 3 25 19 20 32 
Oct. 18 4 9 3 5 3 34 12 6 5 36 6 12 4 2 11 31 

















Table D6 (Cont.) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977, 1978 
(1.0 and 0.5 mm Fractions combined) 
B. Conge ria leucophaeta (No. per o. 1 m2 ) 
Substrates and Station Numbers 
Sand Sand-Silt-Clay 
Reference Plume 
Date 1 3 12 15 7 
1977 
















t~ I I 
~~ I 1 : 1 1-~·-~--------.:-.--T·-3---1-1 
TOTAL 
Plume 





























Table D6 (Cont) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977, 1978 
(1.0 and 0.5 mm Fractions combined) 
c. Macoma 2 rnitchelli (No. per 0.1 m ) 
Substrates and Station Numbers 
Sand Sand-Silt-Clay Clayey-Silt 
Reference Plume Reference Plume Reference Plume 
Date 1 3 12 T5 7 ) 0 16 9 11 13 2 10 lz.:- If. g 
1977 
April 25 6 1 
June 20 2 
July 14 3 1 4 1 4 1 
Aug. 18 
Oct. 20 
1 1 2 1 
13 3 12 7 3 5 10 6 1 5 5 7 6 2 7 2 
1978 




Aug. 7 1 1 2 
Oct. 18 1 2 7 12 1 














Table D6 (Cont.) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977, 1978 
(1.0 and 0.5 mm Fractions combined) 
D. Macoma balthica (No. per 0.1 m2 ) 
Substrates and Station Numbers 
s d an s d s·1 c1 an - ~ t- av Cl ayey- ~ 
Reference Plume Reference Plume Reference Plume 
Date 1 3 12 .15 7 5 6 16 9 11 13 2 10 14 4 
~<' 
1977 
Apr. 25 2 
June 20 1 1 1 
July 14 1 1 1 1 
Aug. 18 4 1 1 
Oct. 20 1 1 
1978 
Jan. 18 




Oct. 18 3 














Table D6 (Cant) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977, 1978. 
(1.0 and 0.5 mm fractions combined) 
E. Corbicula manilensis (No. per O.lm2) 
Substrates and Station Numbers 
Sand Sand-S~lt-Clay Clayey-S~lt 
Reference Plume Reference Plume Reference Plume 
Date 1 3 12 15 7 5 6 16 9 11 13 2 10 14 .4 8 
1977 
Apr. 25 1 1 
June 20 1 2 1 
July 14 2 
Aug. 18 1 
Oct. 20 
1978 
Jan. 18 1 






Oct. 18 2 














Table D6 (Cont) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977, 1978 
(1.0 and 0.5 mm fractions combined) 
F. Modiolus demissus (No. per 0.1 m2) 
Substrates and Station Numbers 
Sand Sand-S~lt-Clay Clayey-S~lt 
Reference Plume Reference Plume Reference Plume 
















3 2 1 7 





















Table D6 (Cant.) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977, 1978 
(1.0 and 0.5 mm fractions combined) 










































Substrates and Station Numbers 
Sand-S~lt-Clay Clayey-S·1lt 
Reference Plume Reference Plume 
5 6 16 9 11 13 2 10 14 4 
4 1 1 9 40 1 
1 2 4 4 1 
5 1 1 3 4 
1 2 2 2 3 6 
2 2 6 2 23 4 1 
3 1 3 16 14 1 1 18 
17 2 3 17 
1 2 2 1 4 1 4 2 1 
1 4 
1 1 














Table D6 (Cont.) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977, 1978 
(1.0 and 0.5 mm fractions combined) 














































Substrates and Station Numbers 
Sand - S ~ l t --cT a y 
Reference Plume 
5 6 16 9 11 13 
8 1 6 1 
6 4 1 5 
3 1 4 11 
4 3 2 4 
6 3 4 6 
2 6 3 1 
10 1 13 2 15 1 
22 9 7 5 75 4 
22 67 11 1 44 
15 2 11 1 7 
4 4 5 1 1 
100 89 65 10 167 24 
Clayey-S~Tt 
Reference · Plume 
2 10 14 4 8 
1 2 2 2 
5 3 11 4 
6 5 2 8 
1 7 4 5 
1 2 1 
4 
3 4 2 6 4 
4 12 4 9 12 
9 17 45 
1 7 4 1 














Table D6 (Cont.) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977, 1978 
(1.0 and 0.5 mm fractions combined) 


















1 3 12 
1 4 
1 
11 3 3 
50 5 2 
23 11 32 
10 1 52 




24 10 1 












Substrates and Station Numbers 
Sand-S~lt-Clay Clayey-S~lt 
Reference Plume Reference Plume 
5 6 16 9 11 13 2 10 14 4 8 
1 1 3 4 2 1 1 
1 4 1 
2 6 7 2 1 
1 1 4 4 2 4 15 
8 2 7 3 25 3 5 10 3 6 
2 7 8 7 1 1 10 1 20 
1 6 1 5 1 2 10 
3 4 1 2 
1 1 
2 5 1 16 
1 1 8 2 4 1 1 1 5 














Table D6 (Cont.) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977, 1978 
(1.0 and 0.5 mm fractions combined) 
J. Heteromastus filiformis (No. per 0.1 m2) 
Substrates and Station Numbers 
Sand Sand-SI.lt-Clay Claye-y-SI.It 
Reference Plume Reference Plume Reference Plume 









15 2 28 1 
1 1 1 4 1 9 2 3 








4 4 2 10 5 1 1 
8 1 2 1 3 3 2 
1 7 
6 3 1 15 4 
1 1 26 3 
2 16 














Table D6 (Cont.) 
I 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977, 1978 
(1.0 and 0.5 mm fractions combined) 
K. Polydora ligni (No. per 0.1 m2) 
Substrates and Station Numbers 
Sand Sand-S~lt-Clay Clayey--Sl:.lt 
Reference Plume Reference Plume Reference Plume 






















9 4 13 
2 2 
1 5 1 1 8 
TOTAL 2 10 3 5 3 1 8 32 
Table D6 (Cont.) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977, 1978 
(1.0 and 0.5 mm fractions combined) 
























Substrates and Station Numbers 
Sand -~-~1 t -Clay (.;layey-~1lt 
Reference Plume Reference Plume 
5 6 16 9 11 13 2 10 14 4 




















Table 06 (Cont.) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977, 1978 
(1.0 and 0.5 mm fractions combined) 
M. Laeonereis culv~ri 2 (No. per 0.1 rn ) 
Substrates and Station Numbers 
Sand· Sand-Sl.lt-Clay Clayey-~J.lt 
Reference Plume Reference Plume Reference Plume 
Date 1 3 12 15 7 5 6 16 9 11 13 2 10 14 4 . 
1977 











Oct. 18 3 1 














Table D6 (Cont.) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977, 1978 
(1.0 and 0.5 mm fractions combined) 


















1 3 12 
4 14 1 
6 7 4 




24 2 64 
1 1 
40 5 32 
8 2 7 
14 8 















Substrates and Station Numbers 
Sand-S_~ l t -_clay Clayey-S~lt 
Reference Plume Reference Plume 
5 6 16 9 11 13 2 10 14 4 8 
27 23 8 1 9 18 26 15 12 2 
1 15 3 3 7 1 9 30 4 
1 15 2 8 1 14 26 1 12 3 
19 24 1 3 3 20 17 
7 1 1 7 1 3 2 
17 30 4 72 9 I 107 17 100 26 
57 19 14 2 39 6 50 85 5 55 30 
2 9 49 3 13 10 3 161 1 
9 71 1 26 9 36 7 2 84 8 
5 34 5 4 7 6 22 45 4 
5 53 2 1 89 125 5 














Table D6 (Cont.) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977, 1978 
(1.0 and 0.5 mm fractions combined) 
0. Gammarus sp. ·(No. per 0.1 m2) 
Substrates and Station Numbers 
Sand Sand-S~lt-Clay Clayey-S~lt 
Reference Plume Reference Plume Reference Plume 
Date 1 3 12 .15 7 5 6 16 9 11 13 2 10 14 4 8 
1977 
Apr. 25 3 1 1 2 2 7 5 22 
June 20 2 5 5 3 
July 14 
Aug. 18 
1 3 3 2 12 1 2 2 1 4 3 2 
6 5 3 
Oct. 20 2 2 
1978 
Jan. 18 1 1 1 4 
Apr. 10 
June 13 
1 1 3 1 2 




3 1 5 29 1 4 1 5 "4 5 1 
6 1 2 2 3 7 5 3 
1 1 4 1 














Table D6 (Continued) 
Seasonal and Spatial .Distributions of Major Benthic Animals - 1977, 1978 
(1.0 and 0.5 mm fractions combined) 


















1 3 12 
3 1 




2 1 8 
8 
1 1 1 
2 10 










Substrates and Station Numbers 
Sand-S~lt-Clay 
Reference Plume 
5 6 16 9 11 13 
1 1 1 17 1 
3 5 2 87 3 
1 1 4 5 10 
2 2 2 25 
5 
1 5 2 
3 1 
1 1 1 1 
2 442 1 1 
1 11 9 1 
2 
9 458 19 22 124 32 
· Clayey-S1lt 
Reference Plume 
2 10 14 4 8 
1 
1 6 1 14 
2 
7 55 
1 3 4 2 29 
1 1 4 
1 5 3 
3 4 2 15 
1 2 44 3 3 
1 4 














Table D6 (Continued) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977, 1978 
(1.0 and 0.5 mrn fractions combined) 







































Substrates and Station Numbers 
Sand-S~lt-Clay Clayey-S~lt 
Reference Plume Reference Plume 




1 5 1 




















Table D39 (Continued) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977, 1978 
(1.0 and 0.5 mm fractions combined) 














































Substrates and Station Numbers 
Sand-Silt-Clay 
Reference Plume 
5 6 16 9 11 13 
1 1 I 
1 28 34 1 1 21 
9 13 17 , 3 
58 15 28 1 13 
2 12 2 2 11 
1 10 1 
1 
50 65 29 9 20 
7 56 96 6 2 23 
10 82 172 10 11 41 
10 37 13 
Clayey-Slit 
Reference Plume 
2 10 14 4 8 
8 6 1 16 2 
7 16 18 1 11 
13 35 16 10 3 
4 2 4 
2 3 3 2 
2 
33 8 70 126 8 
98 50 53 13 
25 13 31 88 18 













TOTAL 37 18 46 253 38 99 303 426 48 28 132 224 79 2(]1. 346 57 4335 
Table D39 (Continued) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977, 1978 
(1.0 and 0.5 mm fractions combined) 
S. Monoculodes edwardsi 2 (No. per 0.1 m ) 
Substrates and Station Numbers 
Sand Sand-St.lt .. Clay Clayey-St.lt 
Reference Plume Reference Plume Reference Plume 

























Table 06 (Continued) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977, 1978 
(1.0 and 0.5 mm fractions combined) 





































Substrates and Station Numbers 
Sand-SI.lt-Clay 
Reference Plume 
5 6 16 9 11 13 
1 7 
3 3 
1 1 3 1 
2 1 
1 1 1 1 2 
3 4 
1 
2 1 1 
10 1 
1 3 3 2 2 
1 5 3 1 1 
4 25 20 2 20 3 
Clayey-SI.lt 
Reference Plume 
2 10 14 4 8 
1 
2 2 
1 1 1 1 
1 1 9 2 
1 1 2 1 
4 1 5 1 1 
1 1 2 1 
1 1 
2 5 
2 2 7 3 1 
5 2 














Table D6 (Continued) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977, 1978 
(1.0 and 0.5 mm fractions combined) 
U. Chiridotea almyra (No. per 0.1 m2) 
Substrates and Station Numbers 
Sand Sand-Sl.lt-Clay Clayey-Sl.lt 
Reference Plume Reference Plume Reference Plume 
Date 1 3 12 15 7 5 6 16 9 11 13 2 10 14 4 
1977 
Apro 25 2 
June 20 6 1 
July 14 
Aug. 18 1 1 1 
Oct. 20 1 2 1 
1978 
Jan. 18 1 
Apr. 10 2 6 
June 13 2 7 
July 12 2 1 
Aug. 7 12 10 
Oct. 18 1 1 




















Table D6 (Continued) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977, 1978 
(1.0 and 0.5 mm fractions combined) 
V. Edotea triloba (No. per 0.1 m2 ) 
Substrates and Station Numbers 
Sand Sand-S~lt-Clay · Clayey-S~lt 
Reference Plume Reference Plume Reference Plume 
















Oct. 18 2 








Table D6 (Continued) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977, 1978 
(1.0 and 0.5 mm fractions combined) 


































Substrates and Station Numbers 
Sand-S~lt-Clay Clayey-.S~lt 
Reference Plume Reference Plume 
5 6 16 9 11 13 2 10 14 4 8 
3 42 14 
184 1 403 1 4 29 
9 3 38 20 
5 4 1 18 10 
16 2 13 
2 13 
1 1 1 1 
1 1 
1 6 














Table D6 (Continued) 
Seasonal and Spatial Distributions of Major Benthic Animals - 1977, 1978 
(1.0 and 0.5 mm fractions combined) 
X. Dipteran larvae (no. per 0.1 m2 ) 
Substrates and Station Numbers 
Sand Sana-S~lt-Clay Clayey-Silt 
Reference Plume Reference Plume Reference Plume 




1 11 3 6 9 3 13 4 1 7 




18 3 1 5 2 2 1 1 1 3 3 3 









3 10 1 1 2 
4 3 2 6 4 1 1 
7 2 .1 3 2 
58 9 3 4 4 16 3 2 4 2 9 
1 1 1 1 11 1 5 6 
3 1 3 11 8 4 























Barnacles - Balanus sp. 
Bivalves - Brachidontes recurvus 
Congeria leucophaeta 
Amphipods - Corophium lacustre 
Gammarus sp. 
Polychaetes - Nereis succinea 
Scolecolepides viridis 
Flatworms - Stylochus ellipticus 
Crabs - Rhithopanopeus horrisii 
Ectoprocts - Bowerbankia sp. 
Bryozoans - Membranipora tenuis 
Hydroids 
Dipteran larvae 
Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 

























Table El (cont.) 
Fouling Organisms 1975 
Station DWS 
Vertical Plate 
Barnacles - Balanus sp. 
Bivalves - Brachidontes recurvus 
Congeria leucophaeta 
Amphipods - Corophium lacustre 
Gammarus sp. 
Polychaetes Nereis succinea 
Scolecolepides viridis 
Flatworms - Stylochus ellipticus 
Crabs - Rhithopanopeus horrisii 
Ectoprocts - Bowerbankia sp. 
Bryozoans - Membranipora tenuis 
Hydro ids 
Dipteran larvae 
Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 






























Barnacles - Balanus sp. 
Bivalves - Brachidontes recurvus 
Congeria leucophaeta 
Arnphipods - Corophium lacustre 
Gannnarus sp. 
Polychaetes Nereis succinea 
Scolecolepides viridis 
Flatworms - Stylochus elliptus 
Crabs - Rhithopanopeus horrisii 
Ectoprocts - Bowerbankia sp. 
Bryozoans - Membranipora tenuis 
Hydro ids 
Dipteran Larvae 
Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 
Bryozoans or Hydroids) 
Station DWS 


















Table El (cont.) 
Fouling Organisms 1975 
Station DWS 
Vertical Plate 
Barnacles - Balanus sp. 
Bivalves - Brachidontes recurvus 
Congeria leucophaeta 
Amphipods - Corophium lacustre 
Gammarus sp. 
Polychaetes Nereis succinea 
Scolecolepides viridis 
Flatworms - Stylochus ellipticus 
Crabs - Rhithopanopeus horrisii 
Ectoprocts - Bowerbankia sp. 
Bryozoans - Membranipora tenuis 
Hydro ids 
Dipteran Larvae 
Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 
Bryozoans or Hydroids) 
388 








2 No. organisms/dm 




















Barnacles - Balanus sp. 
Bivalves - Brachidontes recurvus 
Congeria leucophaeta 
Amphipods - Corophium lacustre 
Ganunarus sp. 
Polychaetes Nereis succinea 
Scolecolepides viridis 
Flatworms - Stylochus ellipticus 
Crabs - Rhithopanopeus horrisii 
Ectoprocts - Bowerbankia sp. 
Bryozoans - Membranipora tenuis 
Hydroids 
Dipteran larvae 
Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 
Bryzoans and Hydroids) 
Jan-Feb 
X 
No. organisms /dm2 



















Table E2 (cont.) 
Fouling Organisms 1975 
Station CBN 
Vertical Plate 
Barnacles - Balanus sp. 
Bivalves - Brachidontes recurvus 
Congeria leucophaeta 
Amphipods - Corophium lacustre 
Gammarus sp. 
Polychaetes Nereis succinea 
Scolecolepides viridis 
Flatworms - Stylochus ellipticus 
Crabs - Rhithopanopeus horrisii 
Ectoprocts - Bowerbankia sp. 
Bryozoans - Membranipora tenuis 
Hydro ids 
Dipteran larvae 
Total No. of Genera (not including 
Hydroids and Dipteran larvae) 
Total No. of Organisms (not including 































Barnacles - Balanus sp. 
Bivalves - Brachidontes recurvus 
Congeria leucophaeta 
Amphipods - Corophium lacustre 
Gammarus sp. 
Polychaetes Nereis succinea 
Scolecolepides viridis 
Flatworms - Stylochus ellipticus 
Crabs - Rhithopanopeus horrisii 
Ectoprocts - Bowerbankia sp. 
Bryozoans - Membranipora tenuis 
Hydro ids 
Dipteran Larvae 
Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 
Bryozoans or Hydroids) 
Station CBN 






















Table E2 (cont.) 
Fouling Organisms 1975 
Station CBN 
Vertical Plate 
Barnacles - Balanus sp. 
Bivalves - Brachidontes recurvus 
Congeria leucophaeta 
Amphipods - Corophium lacustre 
Gammarus sp. 
Polychaetes Nereis succinea 
Scolecolepides viridis 
Flatworms - Stylochus ellipticus 
Crabs - Rhithopanopeus horrisii 
Ectoprocts - Bowerbankia sp. 
Bryozoans - Membranipora tenuis 
Hydro ids 
Dipteran Larvae 
Total No. of Genera (not including 
Hydro ids and Dipteran Larvae) 
Total No. of Organisms (not including 
Bryozoans or Hydroids) 
392 
No. organisms/dm 2 
Jul. - Aug. Sep. - Oct. Nov. - Dec. 
283 1173 




X X X 
8 1 
5 3 2 







Barnacles - Balanus sp. 
Bivalves - Brachidontes recurvus 
Congeria leucophaeta 
Amphipods - Corophium lacustre 
Gammarus sp. 
Polychaetes - Nereis succinea 
Scolecolepides viridis 
Flatworms - Stylochus ellipticus 
Crabs - Rhithopanopeus horrisii 
Ectoprocts - Bowerbankis sp. 
Bryozoans - Membranipora tenuis 
Hydroids 
Dipteran Larvae 
Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms {not including 




No. of Organisms /dm2 















Table E3 (cont.) 
Fouling Organisms 1975 
Station CBS 
Vertical Plate 
Barnacles - Balanus sp. 
Bivalves - Brachidontes recurvus 
Congeria leucophaeta 
Amphipods - Corophium lacustre 
Gammarus sp. 
Polychaetes Nereis succinea 
Scolecolepides viridis 
Flatworms - Stylochus ellipticus 
Crabs - Rhithopanopeus horrisii 
Ectoprocts - Bowerbankia sp. 
Bryozoans - Membranipora tenuis 
Hydroids 
Dipteran larvae 
Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 








No. of Organisms /dm2 

























Barnacles - Balanus sp. 
Bivalves - Brachidontes recurvus 
Congeria leucophaeta 
Amphipods - Corophium lacustre 
Gannnarus sp. 
Polychaetes Nereis succinea 
Scolecolepides viridis 
Flatworms - Stylochus ellipticus 
Crabs - Rhithopanopeus horrisii 
Ectoprocts - Bowerbankia sp. 
Bryozoans - Membranipora tenuis 
Hydroids 
Dipteran Larvae 
Total No. of Genera (not including 
hydroids and dipteran larvae) 
Total No. of Organisms (not including 
Bryozoans and Hydroids) 
Station CBS 


















Table E3 (cont.) 
Fouling Organisms 1975 
Station CBS 
Vertical Plate 
Barnacles - Balanus sp. 
Bivalves -Brachidontes recurvus 
Congeria leucoEhaeta 
Amphipods - Corophium lacustre 
Gammarus sp. 
Polychaetes Nereis succinea 
Scolecolepides viridis 
Flatworms - Stxlochus elliEticus 
Crabs - RhithopanoEeus horrisii 
Ectoprocts - Bowerbankia sp. 
Bryozoans - MembraniEora tenuis 
Hydro ids 
Dipteran Larvae 
Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 
Bryozoans or Hydroids) 
396 
No. organisms/dm2 
Jul. - Aug. SeE· - Oct. Nov. - Dec. 
37 955 
48 50 
416 875 7 
1 
X X X 
3 4 1 







Horizontal Plate Jan-Feb Mar-Apr May-Jun 
Barnacles Balanus sp. 
Bivalves Brachidontes recurvus 
Congeria leucophaeta 
Amphipods Corophium lacustre 
Gammarus sp. 
Polychaetes Nereis succinea 
Scolecolepides viridis 
Flatworms Stylochus ellipticus 
Crabs Rhithropanopeus harrisii 




Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 






















Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 






















































Horizontal Plate July-Aug Sep-Oct Nov-Dec 
Barnacles 
Bivalves 


















Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 






















Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 











































Horizontal Plate Jan-Feb Mar-Apr. May-June Annual 
Barnacles Balanus sp. 3 305 180 
Bivalves Brachidontes recurvus 
Congeria leucophaeta 1 122 
Amphipods Corophium lacustre 4 309 617 
Gammarus sp. 
Polychaetes Nereis succinea 
Scolecolepides viridis 
Flatworms Stylochus ellipticus 
Crabs Rhithro2anopeus harrisii 
Ectoprocts Bowerbankia sp. 
Membranipora tenuis 
Hydroids X X X 
Dipteran Larvae 1 4 4 
Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 0 2 3 3 
Total No. of Organisms (not including 
Ectoprocts and Hydroids) 0 8 619 923 
Vertical Plate' 
Barnacles Balanus sp. 769 200 
Bivalves Brachidontes re~urvus 
Congeria leucophaeta 3 2 61 
Amphipods Corophium lacustre 8 305 826 
Gammarus sp. 1 1 
Polychaetes Nereis succinea 
Scolecolepides viridis 
Flatworms Stylochus ellipticus 
Crabs RhithtoEanoEeus harrisii 
Ectoprocts Bower ankia sp. 
Membranipora tenuis 
Hydroids X X X 
Dipteran Larvae 1 29 8 
Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 1 2 4 3 
Total No. of Organisms (not including 





























Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 






















Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 












































Horizontal Plate .., Jan-Feb Mar-Apr May-Jun Annual 
I 
Barnacles Balanus sp. 12 517 lost 
Bivalves Brachidontes recurvus 
Congeria leucophaeta 3 2 
Amphipods ~orophium lacustre 4 755 
Ganunarus sp. 1 
Polychaetes Nereis succinea 
Scolecolepides viridis 
Flatworms Stylochus ellipticus 
Crabs RhithroEanoEeus harrisii 
Ectoprocts Bowerbankia sp. 
Membranipora tenuis X 
Hydro ids X X X 
Dipteran Larvae 2 2 
Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 1 4 3 
Total No. of Organisms (not including 
Ectoprocts and Hydroids) 1 21 1276 
Vertical Plate 
Barnacles :8alanY§ sp. 3 244 38 
Bivalves Brg.chidontes recurvus 
Congeria leucophaeta 2 3 49 
Amp hi pods Corophiym lacy§tre 10 681 823 
Gammaru§ sp. 
Polychaetes Nereis syccinea 
ScolecoleEides viridis 
Flatworms Stylochus ellipticus 
Crabs RhithropanoEeus harrisii 
Ectoprocts Bowerbailkia sp. 
Membranipora tenuis 
Hydro ids X X X 
Dipteran Larvae 14 2 
Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 0 3 3 3 
Total No. of Organisms (not including 
Ectoprocts and Hydroids) 0 15 942 912 
402 


























Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 






















Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 













































No. · Organisms I dm 2 
Horizontal Plate Jan-Feb Mar~~Apr May-Jun 
Barnacles 
Bivalves 
















Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 




















Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 
Bryozoans and Hydroids) 










































Horizontal Plate Jul-Aug Sep-Oct* Nov-Dec 
Barnacles 
Bivalves 























Total No. of Genera (not including Algae, 
Hydroids, and Dipteran Larvae) 
Total No. of Organisms (not including Algae, 















































Hydroids, and Dipteran Larvae) 6 
Total No. of Organisms (not including Algae, Bryozoans, 518 
and Hydroids) 














Horizontal Plate Jan-Feb Mar-Apr May-Jun 
Barnacles 
Bivalves 
















Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 





















Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 
Bryozoans and Hydroids) 
















































Horizontal Plate Jul-Aug Sep-Oct Nov-Dec 
Barnacles Balanus sp. 

















Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 




Amp hi pods 
Polychaetes 















Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 

























































Horizontal Plate Jan-Feb Mar-Apr May-Jun 
Barnacles 
Bivalves 

















Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 
Bryozoans and Hydroids) 
Vertical Plate 
Barnacles Balanus sp. 
Bivalves Modiolus demissus 
Congeria leucophaeta 
Amp hi pods Corophium lacustre 
Gammarus sp. 
Leptocheirus p1umulosus 
Polychaetes Nereis succinea 
Scolecolepides viridis 
Decapods Rhithropanopeus harrissi 




Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Genera (not including 
Bryozoans and Hydroids) 
























































Horizontal Plate Jul-Aug Sep-Oct* Nov-Dec 
Barnacles 
Bivalves 
















Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 




Amp hi pods 
Polychaetes 















Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 
Bryozoans and Hydroids) 



























































Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 





















Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 































































Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 














_fo~ophium ]-_acus t re 






NeiE._branipo r~ tenui~_ 
Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 











































































Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 












--------·--·-·-·---· -····~----- .. ·-·----~-- ----..--· . 
Congeria leucophaeta 
~~~o-p-h~~{--fa cu-~-~E~--




-~hit h ro P.~!l_~_p eu~_ ha r r_!.§J_!_ 
-~owe_rb<_lnkj.~~ sp. 
ME.:m bra n_~_fl_(! _ _l:"_~ _!:_~~-~-.:?. 
Totnl No. of Genera (not including 
Hydrol.ds and Dipteran Larvae) 
Tot.::ll. No. of Organisms (not including 











































































Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 


















----- -------Scolecolepides viridi~ 
_Rhi thropang_pe~~ Jlarr_i:s~i 
_Bow~_£banl_<:_:!-~ sp. 
£-!~~l?_r an _:!-_p_9 r a !_en u i_f? 
Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 
























































Horizontal Plate Jan-Feb Mar-Apr 
Barnacles 
Bivalves 
Amp hi pods 
Polychaetes 















Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 












_(~~n g_.;:_r i:~ . ~· ~': ~C::5:?J? hae t ~ 
g!?_r o ph ~~·:0.: }:_a c u §._t_.! e 
},_ep t_o c 1]._~~-~.T-~1_!~ _p_l umt!_~_?-~_~.§_ 
(;a_:?mar~~ Sf • 
~-Iereis s:1ccinea 
.ScolecoJ:_~r~J-des vi~idis 
Rhi thro1x~_r~g_pe':!_§ _ _!1a rr is:!j~ 
J}_~wer·ba~~,i~ sp. 
l!embran:!:_p~_!."_§l te~1i~ 
T,)tal No. of Genera (not including 
Hydr-oids and Dipteran ;_,Clr"17 :':le) 
Total No. of Organisms (~ot including 






























































Total No. of Genera (not including 
Hydroids and Dipteran Larvae) 
Total No. of Organisms (not including 
















_g_?_IE_l!l_a ru s s p . 
Nereis succinea 
----- --·------
_.?_<:_?._~:_t:CO lepides ~ir_idi~_ 
-~t~:i.J=hropanop~_l!s E..? r~_is ~-~­
J?.?W~I._ban~!_~ sp. 
!j~~P r a ~_!_pg r a t e~~~_§_ 
Tntal No. of Genera (not including 
Hydro.Lds and Dipteran Larvae) 
'T'utal No. of Organisms (not including 
Ectoprocts and Hydroids) 
256 
119 
606 
3 
1 
X 
5 
985 
148 
62 
387 
6 
X 
4 
603 
212 
139 
1439 
2 
8 
4 
X 
X 
7 
1804 
427 
30 
733 
12 
8 
X 
X 
6 
1210 
5 
71 
11 
19 
3 
X 
X 
4 
33 
